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PREFACE. 


The  first  systematic  study  of  the  biological  process 
of  Sewage  Disposal  in  the  Tropics  was  commenced  by 
Dr.  Fowler  and  myself  in  January  1906.  Previous  to 
this  time,  a  certain  amount  of  work  had  been  done  on  the 
sterilization  of  tank  effluent  and  on  such  practical  matters 
as  the  best  flushing  apparatus  and  the  most  advantageous 
arrangement  of  the  latrine  ;  but  nothing  of  the  nature 
of  a  programme  of  chemical  research  was  undertaken 
until  Dr.  Fowler  visited  Bengal.  To  him  is  due  the 
credit  of  starting  and  systematising  the  research  work. 
The  report  on  "  Septic  Tanks  in  Bengal"  published  by 
him  covered  a  great  deal  of  ground,  but  it  was  not  to  be 
expected  that  in  three  months  all  the  problems  con- 
nected with  this  complex  subject  could  be  fully  worked 
out.  His  work  has  been  continued  on  since  his  depar- 
ture, and  it  now  appears  to  be  desirable  to  publish  the 
results  in  a  form  that  will  be  most  useful  to  Sanitary 
Officers,  District  Engineers,  and  all  who  are  interested 
in  the  improvement  of  sanitary  conditions  in  the  East. 
It  is  not  maintained  that  any  finality  has  been  reached 
in  this  subject  ;  much  work  remains  to  be  done  ;  many 
problems  are  at  present  being  worked  out  in  our  labora- 
tory, the  results  of  which  will  be  published  later  on. 

Our  thanks  are  due  to  Captain  McCay,  i.m.s., 
Professor  of  Physiology,  Medical  College,  for  assisting 
m  part  of  the  chemical  work,  to  S.  H.  Ashworth,  Esq 
Manager,  Gouripur  Jute  Mill,  to  J.  Thomson,'  Esq.] 
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Manager,  Tutagurh  Jute  Mill,  to  the  Manage,-  of  the 
m  lis  J"'e  Mi",  and  many  others  connSted  wM 

m.lls  who  have  ass.sted  us  in  carl-ying  out  experiments 
on  then-  .nstallations.    We  also  wish  to  expresrour 

ir  Bidh  nT'"  ^  °-  ^-  --rand 
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CHAPTER  I. 


INTRODUCTORY. 

HTHE  introduction  of  the  biological  method  of  dis- 
posal of  the  sewage  into  Western  countries  has 
given  remarkable  results ;  and  although,  as  is  usual 
with  new  ideas,  all  that  was  at  first  claimed  for  the 
process  may  not  now  be  accepted,  there  can  be  no  doubt 
that  to  use  certain  organisms  for  converting  offensive 
excrementitious  matter  into  simple  substances,  is  in  the 
main  a  success.  It  is  the  object  of  this  work  to  show 
how  this  method  can  be  best  applied  to  the  conditions 
we  find  in  the  tropics,  and  how  it  can  assist  the  Sani- 
tarian in  the  East  in  solving  the  many  problems  with 
which  he  is  called  upon  to  deal.  A  study  of  this 
subject  has  been  going  on,  both  in  the  laboratory  and 
in  many  working  installations,  for  a  period  of  about 
five  years,  so  it  can  reasonably  be  claimed  that  some 
definite  pronouncement  on  these  results  is  justified. 

Those  who  are  familiar  with  tropical  countries 
recognise  at  once  that  the  conditions  obtaining  in 
Oriental  towns  cannot  be  said  to  resemble  those  of 
Western  cities.  The  habits  of  the  people  themselves 
constitute  a  very   marked   difference   from   those  of 

C,  SD  , 


the  inhabitants  of  EuroDP     H   i.        i.  ,  i 
known,  that  in  rural  areas  or.  "'"'^  ^'"''""^ 

disposal  of  n.ght-soil  an7  ^inTeSs^Tceo^^^^^  °' 
that  dates  back  n.any  thousand  f^ears  tnd":  Z 
down  m  the  Shastras,  namely,  that 'eve.y  in'^^^^^^^^^^ 
should  go  out  early  n.  the  naornrng  to  somJwast  land 

oL^h/'^^r''  ° ™'  arrangement  answers 
tolerably  weU  m  villages  and  areas  of  sparse  population 
As  towns  sprmg  up  and  large  industries  are  established' 
brmgmg  about  the  collection  of  large  population  n.  smaU 
areas,  this  simple  method  becomes  out  of  the  question  • 
a  system  of  latrmes,  public  and  private,  conserved  b^ 
hand,  IS  more  or  less  general  throughout  the  whole  of 
Iiidia  and  probably  in  other  parts  of  the  East  as  well 
Only  m  the  very  largest  cities  is  the  water  carriage 
system  m  operation.    Sanitary   officers  generally  are 
endeavourmg  to  increase  the  number   of  towns  where 
night-soil  IS  removed  by  this  method,  but  there  are  many 
difficulties  m  the  way.    It  is  not  intended  at  this  point' 
to  describe  the  many  disadvantages  of  the  hand  removal 
system,  but  merely   to  point  out  that  it  is  the  usual 
method  in  the  East,  and  as  it  must  continue  for  many 
years   to  come,  it  is  our  object  to  remove  as  many  of 
the  objections  of  this  system  as  possible  by  the  substi- 
tution of  the  biological  method. 

One  of  the  main  differences  between  the  Orient  and 
the  West  is,  that,  in  our  acceptation  of  the  term,  there 
is  no  such  thing  as  "  sewage."  The  storm  water  runs 
away  down  open  drains  and  the  "suUage,"  carrying  with 
it  doubtless  much  of  the  urine,  passes  by  the  same  chan- 
nels ;  but  the  night-soil  is  removed  separately.  Calcutta 
and  Bombay  and  a  few  sewered  towns  yield  many 
millions  of  gallons  of  a  fluid  that  is  almost  identical 
with  the  sewage  of  Europe  ;  this  is  eventually  disposed 


of  in  arms  of  the  sea  so  that  bacteriological  treatment 
has  not  been  found  necessary.  In  very  few  cases  in 
India  are  we  called  upon  to  deal  with  the  pollution  of 
rivers  by  millions  of  gallons  of  sewage.  Not  possessing 
a  water  carriage  system,  it  is  the  removal  as  well  as  the 
ultimate  disposal  of  a  large  mass  of  night-soil  that  pre- 
sents serious  difficulty.  Experience  has  proved  that 
by  a  suitable  use  of  the  biological  method  many  of  these 
imperfections  disappear  ;  the  whole  of  the  excreta  from 
a  community  can  be  satisfactorily  disposed  of  in  spe- 
cially designed  latrines,  thereby  avoiding  the  nuisance 
and  the  dangers  to  health  incidental  to  the  removal  of  a 
large  mass  of  putrescible  material.  This  is  one  of  the 
chief  ways  in  which  the  biological  method  can  produce 
a  very  material  improvement  in  sanitation. 

Another  way  in  which  this  method  can  be  of  great 
service  to  the  Sanitarian,  is  in  the  final  disposal  of  the 
night-soil,  that  has  been  removed  by  hand.  The 
arrangement  which  is  in  vogue  in  the  East,  is  what 
may  be  described  as  the  "  trenching  "  of  the  night- 
soil.  By  this  term  we  mean  that  night-soil  is  carried 
outside  the  town  to  a  considerable  distance,  and  is  buried 
in  shallow  trenches  in  a  selected  plot  of  ground.  The 
land  so  utilised  is  eventually  ploughed  up  and  crops 
sown  on  it,  or,  in  some  parts  of  India,  the  dark  earth 
which  is  obtained  from  those  trenches,  is  sold  as 
manure,  and  is  in  demand  for  gardens  and  rice  cultiva- 
tion. As  long  as  this  arrangement  of  burying  the 
night-soil  in  the  ground  is  thorouglily  supervised,  and 
a  soil  of  suitable  nature  is  obtainable,  no  very  serious 
objection  can  be  raised  to  it ;  but  aU  who  have  had  any 
experience  of  Indian  sanitation  know,  that,  nine  out 
of  ten  trenching  grounds  are  badly  managed,  and  in 
many  places  suitable  ground  is  not  available.    This  is 


.ronnH.  trenching 
grounds  have  to  be  raised  above  flood  level,  the  naturf 
of  he  so,l  IS  clayey,  the  ultimate  absorption  of  the  night! 
oil  is  very  slow.  Consequently  any  practical  suggesffon 
that  will  do  away  with  these  insanitary  trenching 
grounds  will  be  very  welcome.  Wlaat  we  know  as  I 
dumpmg  septic  tank"  will  in  many  cases  cause  a  great 
improvement  in  this  direction. 

In  Europe  biological  instaUations  have  been  found  to 
be  a  very  satisfactory  method  of  disposing  of  the  sewage  of 
a  small  community  such  as  a  school,  lunatic  asylum  etc 
There  is  no  doubt  whatever  that  a  great  improvement  in 
the  health  of  British  regiments  could  be  brought  about 
by  installing  a  simple  water  carriage  system  of  removal 
of  mght-soil,  the  sewage  from  one  or  two  regiments 
being  disposed  of  by  means  of  septic  tanks  and  filters 
The  exposure  of  night-soil  to  the  action  of  flies  is  a 
fruitful  source  of  diseases,  and  when  this  condition  is 
removed,  health  improves.    The  statistics  received  from 
the  military  station  at  Malta  are  an  example  of  this 
Following  on  the  installation  of  water  closets  in  the 
barracks,  enteric   fever  decreased  enormously,  and  the 
malady  only  remained  in  certain  parts  of  the  cantonment 
where  sanitary  appliances  were  not  installed.  Although  it 
may  be  beyond  the  financial  resources  of  this  country  to 
completely  sewer  a  large  military  station,  still  the  same  . 
objection  cannot  be  urged  against  instalhng  water  closets 
in  the  barracks  of  British  troops  and  connecting  them,  by 
a  few  hundred  yards  of  sewer,  to  a  small  septic  tank 
installation. 

The  difficulty  and  the  expense  of  sanitating 
some  of  our  hill  stations  in  India  is  well  known  to  all 
who  have  any  experience  of  these  places.  In  many  of 
these  resorts  the  residences  are  extremely  scattered, 
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the  slope  of  the  hill  is  great,  so  that  anything  like  a  com- 
prehensive system  of  sewers  is  out  of  the  question,  both 
on  the  ground  of  expense  and  on  account  of  engineering 
difficulties.  A  very  material  improvement,  however,  can 
be  made  in  the  sanitation  of  bazaars  and  more  crowded 
areas  by  putting  in  what  may  be  termed  "  skeleton  sew- 
ers" (without  any  house  connections),  "dumping  depots" 
and  "  connected  public  latrines,"  the  sewer  terminating 
in  a  small  septic  tank  installation  well  below  the  town 
and  discharging  the  effluent  into  hill  streams. 

These  may  be  taken  to  be  the  main  lines  on  which 
the  biological  method  of  disposing  of  night-soil  may  rea- 
sonably be  expected  to  produce  an  improvement  in  the 
general  sanitation  of  towns  or  communities,  living  under 
ordinary  tropical  surroundings.  These  points  wOl  be 
discussed  in  detail  in  the  course  of  the  succeeding  chapters. 

The  manifold  disadvantages  and  imperfections  of 
the  hand-removal  system  have  already  been  briefly  alluded 
to,  and  it  may  be  well,  even  at  the  risk  of  some  repetition, 
to  state  clearly  all  the  objections  to  the  existing  system, 
as  the  necessity  for  a  change  in  method  will  be  the 
more  easily  understood.  The  chief  points  fall  under 
two  heads:  (i)  the  sanitary  objections,  (2)  the  practical 
objections.  Under  the  former  of  these,  by  far  the 
most  important  is  the  fact  that  fcecal  matter,  many 
dirty  buckets  and  receptacles,  etc.,  are  left  exposed  for 
many  hours  at  a  time,  open  to  the  air,  and  accessible 
to  flies.  This  constitutes  a  most  serious  defect.  There 
is  no  doubt  that  the  ordinary  house  fly  plays  a  very 
large  part  in  the  dissemination  of  some  diseases  in  tropical 
climates,  and  the  more  opportunities  this  insect  has  of 
gaining  access  to  human  discharges,  the  greater  the  danger 
to  the  health  of  the  community  at  large.  Furthermore 
the  presence  of  a  large  quantity  of  night-soil  or  highly 


contaminated  ground  increases  the  number  of  flies  .o  ih.^ 
he  best  method  of  reducing  the  pest  f  a  apid  Sd "  S 
factory  disposal  of  all  ordure  and  rubbish 

Very  little,  indeed,  need  be  said  on  the  intolerable 
nuisance  created  by  the  hand-removal  system  but  ti  e 
W-t^LT'  '""^  P'^^^^^^      a'night' soil  ca 

Of  ..agination  c  ^ 

On  this  account  alone  we  consider  that  it  is  better 
when  possible,  to  make  use  of  hand-carts,  rather  than 
arger  vehicles,  m  order  to  obviate  this  handling  of  night- 
soil,  for  It  IS  generally  admitted,  by  all  who  have  had  Iny 
experience  of  sanitary  work,  that  the  amount  of  nuisance 
caused  by  mght-soil  increases  in  direct  proportion  to 
Its  bulk  and  to  the  amount  of  handling  that  it  receives 
Among  the  practical  objections  the  two  most  im- 
portant are,-firstly,  that  the  whole  of  the  hand-removal 
system  depends  on  the  good-will  and  behaviour  of  the 
SM^eepers.    This  is  a  very  great  weakness.    The  whole  of 
the  sanitary  arrangement  of   a  town  of,  say,  50,000 
people,  may  be    upset  by   an    extortionate  overseer 
Withm  recent  times  strikes  amongst  the  sweepers  are 
not  by  any  means  unknown,  causing  great  inconvenience 
to  everyone  concerned,   and  endangering  the  health  of 
a  large  and  thriving  community. 

Secondly,  the  hand-removal  system  is  not  economical 
from  a  financial  point  of  view.  It  necessitates  very  large 
staff  of  sweepers,  many  carts,  bullocks  to  pull  the  carts 
and  a  very  heavy  incidental  expenditure.  The  wear  and 
tear  of  carts,  buckets,  etc.,  is  enormous,  and  the  difficulty 
in  getting  repairs  done  to  conservancy  appliances  is  well 
known. 
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Hence  it  may  reasonably  be  contended  that  the 
hand-removal  system  is  insanitary,  causes  a  maximum 
of  nuisance  and  is  not  economical. 

The  question  we  have  to  answer  is,  can  we  design 
any  arrangement  that  is  cheap,  that  requires  a  minimum 
of  staff  to  work  it,  that  rapidly  puts  all  undesirable  mat- 
ter beyond  the  reach  of  the  omnipresent  fly,  and  that  does 
not  cause  a  nuisance  ?  We  consider  that,  given  certam 
necessary  conditions,  this  query  can  now  be  answered 
in  the  affirmative, 

As  the  study  of  the  biological  changes  in  excreta 
has  been  carried  out  in  what  we  know  in  this  country 
as  "septic  tank  latrines,"  it  is  advisable  to  give  a  detailed 
description  of  these  appliances.  The  discussion  of  the 
subject  as  a  whole  naturally  divides  itself  into  four  parts, 
viz.  : — 

(1)  The  design  of  the  latrine  accommodation  pro- 

per. 

(2)  The  design  of  the  tank. 

(3)  The  discussion  of  the  chemical  action  that 

goes  on  in  the  various  parts  of  the  tank. 

(4)  The  design  of  the  serobic  filters. 

These  wiU  form  the  subject  of  the  next  few  chapters. 


CHAPTER  II. 


THE  DESIGN  OF  THE  LATRINE. 

JHE  "  Septic  Tank  Latrine  "  may  be  deftned  as  ai. 

arrangement  in  which  a  modified  native  latrine 
septic  tank  and  ^robic  filters  are  cons? mctef as  oVe 
structure  or  unit ;  the  component  parts  bdngt^^^^^^^^^^ 

tint  ^,'trnrr''''T °' '"-^^^^^^ 

cbse  alongsM,^    "  " 

We  will  commence  the  detailed  description  of  this 
important  appliance  with  the  consideration  of  the  desig 
of  the  latrme  itself.    This  may  be  divided  into- 

(1)  the  superstructure,  or  roof, 

(2)  the  flooring  and  general '  partition  arrange- 

ments, 

(3)  the  closet  proper. 

(i)  The  Superstructure,  or  Roof. 
The  best  and  most  economical  arrangement  of  the 
roof  and  the  side  walls  is  well  shown  in  the  various  plans. 
The  greatest  possible  amouut  of  ventilation  is  a  necessity, 
the  roof  should  contain  an  ample  ridge  ventilator  and  the 
side  walls  should  not  approach  the  roof  nearer  than  2  ft. 
There  are  several  instances  in  this  country  where  the 
latrines  have  been  constructed  with  deficient  ventilation 
and  the  result  is  extremely  disastrous.  In  fact,  all  that 
is  required  in  the  way  of  superstructure  for  a  latrine  of 
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this  nature  is,  a  light  roof  to  keep  off  the  rain  and  the  hot 
sun,  and  low  screens  in  order  to  render  people  using  the 
latrine  invisible  from  outside.  All  high  masonry  walls 
(even  though  they  are  pigeon-holed)  or  anytliing  which 
makes  the  latrine  itself  resemble  a  room,  is  strongly  to  be 
deprecated.  It  is  practically  impossible  to  over-ventilate 
a  latrine  in  the  East. 

On  the  whole,  the  best  material  for  the  roof  and  side 
walls  is  corrugated  iron.  It  is  cheap,  light,  easy  of  con- 
struction and  lasting.  Besides,  it  fulfils  the  conditions 
necessary  for  all  materials  utiHsed  in  a  latrine,  namely, 
that  it  is  non- absorbent. 

(2)   The  Floor  and  the  Partition  arrangement 
OF  THE  Latrine. 

The  floor  of  the  latrine  should  always  be  sloped  to- 
wards the  drain  which  may  be  situated  in  either  of  the 
two  positions  shown  in  the  diagrams.  The  drain  should 
run  into  the  tank  at  the  inlet  end.  The  best  material 
for  the  floor  is  either  vitrified  brick,  marble  or  granolithic 
cement.  The  chief  objection  to  the  first  two  of  these 
materials  is  on  the  ground  of  expense.  Marble  slabs 
can  be  laid  down  for  a  little  less  than  a  rupee  per  square 
foot  in  Calcutta.  They  are  non-absorbent,  and  when 
properly  laid  require  no  attention  whatever  ;  they  make 
a  very  elegant  and  easily  cleaned  floor  for  a  latrine. 
Granolithic  cement  makes  an  excellent  floor  when 
properly  laid,  but  it  should  not  be  less  than  i^^  inches  in 
thickness,  laid  on  the  top  of  ordinary  lime  concrete,  or 
a  layer  of  bricks  on  the  flat ;  ordinary  lime  concrete  with 
a  mere  skin  of  cement  plaster  is  the  .worst  t3^e  of  all, 
although  frequently  used  on  account  of  cheapness.  The 
cement-plaster  soon  wears  or  peels  off  and  the  lime 
concrete  underneath  absorbs  the  urine  freely. 
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The  partitions  between  the  small  seats  may  be  of  the 
simplest  type.  CoiTugated  or  galvanized  iron  sheet  n^ 
IS  undoubtedly  the  best  material  for  this  purpose.  Door! 
rnay  or  may  not  be  provided  according  to  the  taste  of 
«ie  people  using  the  latrine,  but  they  are  unnecessary  for 
rnillcoohes.  They  add  considerably  to  the  expense  of 
the  installations,  and  the  coolies  usually  succeed  in 
breaking  the  hinges.  The  diagrams  given  explain  the 
way  m  which  the  partition  arrangements  are  best 
constructed. 


(3)    The  Closet  Arrangement. 

The  essentials  of  a  satisfactory  closet  for  use  of  na- 
tives are  :  (I)  that  the  discharges  shall  fall,  without  the 
assistance  of  any  outside  agency,  into  the  proper  portion 
of  the  closet  and  be  carried  away  at  once  by  the  flush  ; 
(2)  that  the  apparatus  used  shall  be  very  strong  ;  the 
material  of  which  it  is  made  shall  be  indestructible' and 
non-absorbent  ;  (3)  that  the  closet  shall  be  cheap. 

As  in  Europe  the  two  main  varieties  in  use  in  this 
country  are^:  (i)  the  pan  or  water  closet ;  (2)  the  trough 
closet.  Naturally,  in  the  pan  closet,  the  flushing 
arrangements  are  brought  about  by  some  mechanical 
devices  actuated  by  the  user,  and  those  of  the 
trough  closet  are  usually  automatic  syphon  flushes. 
But  as  we  shall  see  later  on,  there  is  no  reason  why  a  com- 
bination of  the  automatic  acting  flushes  with  pan  closet 
should  not  also  be  constructed. 

(  i )  The  Pan  Closet  Principle. 

Of  course,  if  expense  is  no  object,  a  very  satisfactory 
and  elegant  latrine  can  be  constructed  by  making  use  of 
what  may  be  called  the  "Oriental  water  closet."  Several 
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English  firms,  Messrs.  Shanks  &  Co.,  Doulton  and  others 
have  designed  an  apparatus  that  is  very  satisfactory. 
Figure  No.  II  {d)  gives  a  picture  of    one  of  these 


Fig.  II  ((/). 


articles.  It  will  be  observed  that  it  does  not  resemble 
the  ordinary  water  closet  pan  used  in  Europe,  but  it 
is  something  like  an  elongated  lavatory  basin  ;  foot-rests 
are  provided  on  which  the  user  stands,  the  foecal 
material  and  urine  falls  naturally  into  the  receptacle. 
The  price  of  these  seats,  without  flushing  mechanism, 
is  Rs.  58-4  delivered  in  Calcutta. 

Another  very  satisfactory  design  of  latrine  is  made 
by  simply  purchasing  the  ordinary  cheaper  variety 
of  pan  closet,  and  setting  it  in  concrete  level  with  the 
floor.  The  usual  syphon  trap  is  provided  and  it  is  joined 
to  a  longitudinal  soil-pipe.  The  method  of  arrangement 
of  this  design  is  shown  in  Figure  II  (a)  and  (6).  It  has 
given  very  satisfactory  results.  The  cost  of  the  seats 
and  trap  landed  in  Calcutta  is  Rs.  15,  so  that  this  is  not 
really  a  cheap  model.    One  advantage  of  these  two 
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forms  of  latrines  is  that  the  material  of  which  thev  are 
constructed  is  m^doubtedly  the  best  io7ZfteTcL7s 

S  Llvr"  '^'^y  cleaned^The  disat 

(aTllLs  '^'''^^'J''-  they  are  extremely  costly, 
(2  visitors  to  pubhc  latrines,  particularly  to  those 
attached   o  mills  and  railway  stations,  are'^most  care! 

heJ^^^^  '^'^  infrequently   succeed  in 

breaking  the  pan  either  by  using  bricks^or  cleansing 
purposes  or  from  sheer    mischief;  (3)  that,  as  men 
tioned  above,  certain  classes  of  natives  in  this  country 
use  pieces  of  brick,  jute  fibre,  sacking,  etc.,  for  purposes 
of  cleansing,  and  these  articles  block  the  traps  and  pipe 
connections  ;  (4)  a  pan  closet  should  naturally  be  fitted 
with  a  mechanical  flush  actuated  by  the  user.    We  shall 
see  later  on  that  there  are  many  objections  to  mechani- 
cal   flushes.     It  is  both  theoretically  and  practically 
possible  to  have  this  type  fitted  with  an  automatic  flush 
going  off  at  intervals,  but  the  drawback  to  this  is,  that, 
if  the  closet  is  in  use  when  the  flush  goes  off,  the  user,' 
fearing  splashing,  usuaUy  moves  or  uses  the  latrine  the 
wrong  way,  fouling  part  of  the  floor.    On  the  whole,  both 
the  oriental  closet  and  the  pan  closet  are  more  suitable 
for  the  private  household  latrine  of    a  respectable 
educated  man  than  for  the  mill  cooly. 


(u)  The  Trough  Closet  Principle. 

Ordinary  trough  closets,  on  somewhat  the  same  de- 
sign as  those  in  Europe,  have  been  used  in  the  East. 
They  answer  extremely  well  when  they  are  properly 
designed ;  but  what  appear  to  be  slight  errors  complete- 
ly spoil  the  efficiency  of  the  latrine.  Thus,  the  design  of 
the  trough  itself  must  be  correct,  and  it  is  of  the  utmost 
importance  to  have  the  foot-rests  in  the  right  position  and 
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not  too  wide  apart,  otherwise  the  discharges  do  not  pass 
into  the  trough  at  all.  From  a  very  considerable  amount 
of  experience  we  can  confidently  state  that  the  design 
given  in  Figure  II  {e)  is  undoubtedly  the  best,  both  as 

PLAN. 


Iron  seat  cast  in  one  piece. 
SECTION. 

Iron  Seat 


Glazed  Tile 


Fig.  II  (e).— Trough  with  ordinary  iron  seat.    The  base  of  the  trough  may 
be  slightly  "dished  "  or  flat  j  in  the  former  case  a  half  pipe  may  be  used. 


regards  the  design  and  shape  of  the  trough  and  as  regards 
the  seat  arrangements.    This  design  does  away  with 
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the  serious  disadvantages  of  fouling  the  sides  of  the 
trough  ;  the  shape  of  seat  and  the  distance  between  the 
seat  and  the  bottom  of  the  trough  prevents  all  chance  of 
splashing  a  user.  Further,  the  native  of  India  is,  by 
this  time,  well  acquainted  with  this  design  of  seat  and 
It  is  fairly  popular. 

Several  incorrect  designs  are  given  in  various  figures 
below  ;  each  possesses  some  more  or  less  serious  dis- 
advantage.   Figure  II  (/)  has  been  installed  in  several 

SECTION. 


^^^^^^ 


PLAN. 


Fig.  II  {/). — Excreta  deposited  at  A  and  have  to  be  pushed  into  the  trough. 

mills  in  this  country.  The  great  objection  to  this  pattern 
is  that  none  of  the  foecal  material  ever  falls  into  the 
trough  at  all,  but  it  is  deposited  between  the  foot- 
rest?  (at  A)  and  has  to  be  swept  into  the  trough  by 
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the  sweeper  subsequently.  Figure  II  (g)  is  not  really 
a  great  improvement   on  the  above.    The  sides  are 
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'"■r;i,it7StTiV.?sh!"  ^"'^  are  not  flushed  away  but  require 


a  ways  fouled  with  foeces  and  it  requires  the  offices 
of  the  sweeper  to  keep  the  place  clean,  that  is  to  say, 
It  breaks  one  of.  the  fundamental  laws  that  apply  to 
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all  latrines,  that  the  discharges  shall  pass  without  any 
assistance  into  the  part  of  the  apparatus  from  which 
they  will  be  removed  by  the  flush.  Figure  II  {h)  is  a 
design  which  was  once  put  in.    It  answers  fairly  well, 
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PLAN 


Fig.  II  (A).— Foot-rests  are  iron  casting  and  are  set  in  the  cement.  It 
not  a  good  type. 


but  the  shape  of  the  trough  is  not  satisfactory.  It  was 
found  impossible  to  keep  the  sides  perfectly  clean;;  fouling 
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takes  place  at  A.  Fig.  TI  (k)  works  extremely  well  in 
jails  where  the  prisoners  are  under  control  and  can  be 

SECTION. 


PLAN. 


made  to  use  the  latrine  the  right  way  round.  They 
are  not  popular  with  the  ordinary  coohes,  and  it  is 
practically  impossible  to  make  the  mill  people  use  these 

better  as  latrines  for  private  houses 
the  system  of  latrine  over 

o  constrn^t  r  T  "  ^^^^  ^^^^^  cheaper 

aUractulVfl'V^'  =       ^^^^  "^^^hanic- 

sTferahh  1  "^l"  ^'''^^"^^  '  ^'^^  also  con- 
can  nn\?'''''  '  that  there  is  nothing  that 
can  possibly  get  out  of  order  in  the  latrine 

C,  SD 
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The  disadvantages  are  almost  entirely  dependent 
on  faulty  design.  Even  the  objection  raised  to  the 
automatic  flush,  on  the  ground  that  it  splashes  the  user, 
can  be  easily  overcome  by  seats  of  satisfactory  design. 
It  will  be  observed  that  the  advantages  of  the  trough 
variety  greatly  preponderate  over  the  disadvantages. 

We  now  proceed  with  the  subject  of  flushing  arrange- 
ments. Before  doing  so,  it  may  be  well  to  point  out,  for 
the  benefit  of  those  who  are  not  conversant  with  the  cus- 
toms of  the  East,  that  no  caste  man  will  have  anything 
to  do  with  a  latrine  when  it  has  once  been  used,  on  the 
ground  that  it  constitutes  a  pollution.  Consequently 
any  apparatus,  which  is  liable  to  get  out  of  order,  should 
be  avoided.  Only  sweeper  mistries  and  Christians  will 
undertake  the  repairs  ;  both  are  very  difficult  to  obtain. 
It  follows,  therefore,  from  these  remarks  that  all 
mechanical  apparatus,  such  as  actuated  flushes,  are 
a  source  of  considerable  worry  and  annoyance  to  the 
owner  of  the  latrine,  because  of  the  difficulty  of  getting 
repairs  done  when  they  are  out  of  order.  These  are  the 
serious  disadvantages  to  the  more  scientific  way  of 
flushing  a  latrine.  It  is  obvious  that  after  a  latrine 
has  been  used,  it  should  be  flushed  at  once,  and  the  best 
method  of  doing  so,  is  the  way  in  which  it  is  done  m 
all  civilised  countries,  namely,  by  the  user  actuating  the 
flush  himself  by  means  of  a  handle.  In  practice  this 
arrangement  cannot  be  installed  in  the  East ;  firstly, 
people  of  the  nature  of  mill  coolies  wiU  steal  the  handles, 
chains,  nuts,  bolts  and  anything  which  has  a  small  value 
in  the  bazaar  ;  secondly,  they  object  to  touching  the 
handle,  because  the  sweeper  touches  it,  and  this  alone 
constitutes  poUution.  Consequently  any  mechanism 
which  actuates  the  flush  must  be  done  either  by  an 
arrangement  of  pedals,  or  by  opening  and  shutting  of 
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the  door.  As  regards  this  latter,  we  have  not  yet  seen 
any  satisfactory  design  of  a  door-actuated  flush,  and 
another  objection  is  that  doors  are  not  fitted  to  most 
of  the  latrines  in  this 
country.  A  very  fairly 
satisfactory  pedal  arrange- 
ment has  been  construct- 
ed. It  usually  answers 
very  well  when  new,  but 
the  usage  that  it  receives 
at  the  hands  of  miU  coolies, 

generally     succeeds  in 

breaking  it  sooner  or  later. 

A  very  simple  and  acces- 
sible  flush  arrangement 

actuated  by  pedals,  vide 

figure  II  (/),    has  been 

designed  recently,  and  has 

been  tried  in  several  of 

the  mills.    It  is  certainly 

satisfactory    in  action, 

does  not    leak,  and  all 

working  parts  are  easy  of 

access  and  easy  of  repair. 

Unfortunately  it  has  not 

been  in  work  for  many 
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Fi<;.  II  {J),  Pedal-actuated  flush. 
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years,  so  the  life  of  the  apparatus  cannot  be  estim- 
ated at  present.  The  cost  of  this  flush  is  Rs.  70  in 
Calcutta  ;  they  can  be  purchased  from  Messrs.  Bird 
&  Co.,  who  have  bought  the  patent  rights.  There  were 
several  other  pedal-actuated  flushes  all  of  which  have 
disappeared,  principally  from  the  fact  that  they  require 
endless  attention  and  their  life  is  extremely  short. 

Another  disadvantage  of  all  these  mechanically  act- 
ing flushes  is  on  the  ground  of  expense  ;  they  add  very 
considerably  to  the  estimates  for  a  large  latrine. 

{in)  Automatic  acting  Flushes. 

{A)  The  tip  tank — 

The  tip  tank  is  a  method  of  flushing  which  is  not  at 
all  satisfactory  in  the  East.  It  is  particularly  impossible 
to  get  an  alloy  of  metal  that  wiU  stand  for  any  length 
of  time  the  atmosphere  of  the  latrine.  Further,  tip  tanks 
wear  out  and  become  unsatisfactory  in  direct  proportion 
to  their  size.  The  usual  capacity  of  the  tank  is  about  3 
to  4  gallons  and  when  new  they  act  fairly  satis- 
factorily ;  but  in  the  East  rusting  of  the  bearing  takes 
place,  and  they  very  soon  begin  to  work  irregularly. 
In  one  instance  in  Bengal  a  mill-owner  made  a  40-gallon 
tip  tank.  The  mechanism  was  not  very  satisfactory, 
the  weight  on  the  bearings  being  much  too  great. 

[B)  Syphon  flushes — 

There  appears  to  be  a  sort  of  idea  abroad  that  any 
mechanic,  builder  or  contractor  is  competent  to  design  a 
syphon  flush— a  greater  mistake  never  existed— as  those 
who  have  tried  the  amateur's  flush  know  to  their  cost. 
Syphon  flushes  designed  by  Messrs.  Adams,  Ham  Baker 
and  firms  of  repute  are  very  satisfactory  and  give  no 
trouble  whatever.      The  flush  should  discharge  into 
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one  end  of  the  trough,  so  that  the  whole  length  is  well 
washed  down.    For  a  large  latrine  40 — 60  gallons  is 
necessary  to  force  all  the  matter  into  the  tank. 
The  disadvantages  of  automatic  acting  flushes  are — 

(i)  theoretically  the  night-soil  is  exposed  for  a 
certain  length  of  time  to  the  atmosphere. 
This,  however,  is  not  a  real  objection,  for 
the  flushes  can  be  set  to  go  off  as  frequently 
as  every  five  or  ten  minutes. 

The  advantages  of  this  apparatus  are  many. 

(1)  Accurate  estimate  of  the  water  supplied  to 

the  latrine  can  be  made  by  timing  the 
flushes,  and  by  simply  opening  a  stopcock, 
the  quantity  of  water  supplied  can  be 
increased  or  decreased  readily. 

(2)  On  the  whole,  the  apparatus  is  cheap;  only  two 

per  latrine  are  necessary. 

(3)  They  practically  never  get  out  of  order,  hence 

obviating  the  necessity  of  obtaining  spe- 
cial mechanics  to  repair  them. 

We  c<)nsider  these  advantages  place  this  kind  of 
flush  far  ahead  of  any  other  type  at  present  in  use. 

tron  Jh'T  ^^'^^  ^PP^^e^t  that  the 

trough  closet  with  syphon  flushes  is  the  best  design  both 

rtcoZ'  .  t'T'''  ""^  ^ffi<^iency;  we  can  thoroughly 

~rfar ^^^^^  "y  ^4.el 

Other  minor  necessities  for  a  latrine. 
of  wair'^  latrine  there  must  be  an  adequate  supply 
trom  which  the  coohes  can  take  the  water  required  for 
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cleansing  themselves.  An  arrangement  of  a  tank 
placed  at  the  top  of  the  stairs  is  a  very  satisfactory  plan. 
Water  should  also  be  laid  on  in  pipes  in  certain  places 
in  the  latrine  to  facilitate  washing  down  of  the 
latrine,  the  floor  being  sloped  towards  the  drain.  The 
portion  of  the  building  under  the  overhead  tanks 
may  be  conveniently  utilised  as  urinal  as  shown  in  the 
figs.  II  {a)  and  (&),  III  (a),  (c),  etc. 

In  a  properly  designed  latrine  one  or  at  most  two 
sweepers  for  every  installation  are  usually  sufficient.  Of 
course,  if  the  design  of  the  latrine  arrangement  is  faulty 
and  the  f cecal  matter  does  not  pass,  without  some  human 
assistance,  into  the  trough,  then  more  are  necessary. 
The  more  perfect  the  design,  the  less  has  to  be  done  by 
the  sweeper. 

In  all  septic  tank  installations  it  is  necessary  to  keep 
a  rough  check  on  the  number  of  users  per  diem.  In 
Bengal  it  is  laid  down  that  a  self-recording  turnstile 
should  be  fitted  to  each  latrine.  This  is  very  necessary 
for  several  reasons.  In  a  mill  with  a  large  population, 
sometimes  two  or  three  installations  are  provided,  and 
if  no  record  is  kept  as  to  the  number  of  people  going  into 
each,  there  is  a  tendency  for  everyone  to  use  the  nearest 
installation  and  to  neglect  the  others.  Consequently  a 
check  has  to  be  kept  to  apportion  the  users  correctly. 
Further,  in  some  instances  mill-owners  have  grossly 
overused  their  installations  ;  these  self-recording  turnstiles 
have  been  ordered  to  prevent  this.  The  best  form  of 
turnstile  is  given  in  fig.  II  {I).  It  was  designed  by  the 
Chief  Engineer  of  the  Shamnuggur  Jute  Mill  to  whom  we 
are  indebted  for  the  plan.  It  is  simple,  strong  and  does 
not  get  out  of  order.  All  flimsy  structures  are  soon 
demolished  by  the  average  mill  cooly.  The  coolies 
cannot  climb  over  this  pattern. 
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Of  course,  it  is  a  sine  qua  non  that  an  ample  supply  of 
water  should  always  be  available  during  the  i6  working 
hours.  Latrines  in  large  institutions  like  workshops 
and  mills  are  in  use  more  or  less  at  all  hours  of  the  day. 


Fic.  II  (/),— Self-recording  turnstile. 


There  is  usually  a  rush  between  the  hours  of  6  and  9  in  the 
morning,  and  4  to  6  in  the  afternoon.  Consequently,  if 
the  flushing  arrangements  are  automatic,  it  is  desirable 
to  quicken  up  the  frequency  with  which  the  flushes  go  off 
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during  these  hours.  Of  course,  in  the  more  elaborate 
arrangement  where  each  user  operates  his  own  flush  this 
IS  not  necessary.  There  is  no  necessity  to  have 
automatic  flushes  going  off  at  frequent  intervals  from 
10  P.M.  to  6  A.M.,  the  supply  of  water  may  be  cut 
off  altogether,  or  so  reduced,  as  to  allow  only  a  small 
quantity  to  pass  into  the  tank  during  the  night. 

The  quantity  of  water  for  each  flush  will  vary 
with  the  design  of  the  latrine,  but  under  ordinary 
Circumstances  for  a  latrine,  designed  for  2,000  users 
nothing  under  40  gallons  flush  is  of  much  use.  The 
slope  of  the  trough  should  always  be  sufficient,  i  in  40 
being  a  good  working  slope.  It  is  astonishing  the  amount 
of  force  that  is  necessary  to  thoroughly  cleanse  these 
troughs,  hence  the  height  between  the  Syphon  tank  and 
the  point  of  discharge  into  the  trough  should  never  be 
less  than  7  ft.  ;  the  pipe  should  never  be  Jess  than  2 
inches  in  diameter,  3  inches  is  probably  better ;  the  end 
of  the  pipe  should  be  flattened  out  to  form  a  jet  to 
increase  the  force  of  the  stream.    Vide  fig.  Ill  (a). 
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Fig.  Ill  (a). — Jamalpiir  Workshop  Latrine. 


CHAPTER  III 


THE  DESIGN  OF  THE  TANK. 

JT  is  not  always  easy  m  discussing  this  subject 
to  avoid  introducing  purely  chemical  problems, 
because  there  is  a  scientific  reason  for  most  points  in  the 
design,  but  in  this  chapter  an  attempt  will  be  made  to 
give  a  brief  description  of  what  we  consider  to  be  the 
best  design  of  the  septic  tank,  without  discussing 
the  chemical  reasons  for  adopting  any  particular 
idea. 


Shape  of  the  Tank. 

The  plans  give  an  idea  as  to  what  is  the  best  form 
of  design.  It  is  usually  admitted  that  for  this  work 
a  long  and  thin  tank  is  the  most  satisfactory. 

As  the  sewage  comes  in  at  one  end  and  flows  out  at 
the  other,  a  more  equal  flow  is  maintained  by  adhering 
to  this  shape  than  is  the  case  in  a  square  tank,  where  stag- 
nation tends  to  occur  at  the  corners.  There  is  another 
reason  why  a  tank  about  five  or  six  times  as  long  as  it 
IS  broad  is  desirable,  namely,  that  these  dimensions 
Siy^  ample  accommodation  for  a  double  row  of  seats  in 
tfte     atnne.    In  some  instances    where    very  large 

Zus^T^'T'''^''^'  '°  accommodate,  say,  five  or  sL 
thousand  people,  it  is  usual  to  place  a  couple  of  long 
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and  thin  tanks,  side  by  side,  so  that,  although  from  the 
outside  the  tank  would  appear  to  be  about  square, 
it  is  in  reaUty  two  or  four  long  tanks,  four  or  even  six 
rows  of  seats  being  constructed  in  the  latrine.  A 
very  useful  size  of  tank  is  (inside  tank  measurement) 
60'  X  12'  X  6' =  4,320  cubic  feet  =  27,000  gallons,  for  about 
2,000  users  per  diem,  with  5-gallon  flush  per  user.  The 
breadth  of  12  ft.  including  the  thickness  of  the  walls 
(which  adds  about  2  ft.  on  each  side,  making  16'  in  all), 
gives  ample  width  for  two  rows  of  seats,  arranged  back 
to  back,  and  for  good  wide  alley  ways.  It  is  a  com- 
paratively simple  matter  to  design  a  latrine  for  a  large 
population,  say,  2,000  to  4,000,  but  it  is  not  easy  to  get 
a  satisfactory  shape  of  tank,  that  is  both  long  and  thin, 
and  yet  sufficiently  wide  to  give  ample  space  for  a 
double  row  of  latrine  seats  for,  say,  400  users.  \VlT.en 
this  difficulty  arises,  it  is  recommended  that  the  total 
width  of  10  or  12  ft.  be  adhered  to,  but  the  tank  should 
be  divided  into  two  by  a  longitudinally  placed  wall.  It 
will  be  observed  that  a  latrine  provided  with  mechanically- 
actuated  flushes  requires  a  greater  width  than  the  trough 
closet  design,  because  in  the  former  case,  an  alley  must 
be  left  between  the  two  rows  of  pans,  in  which  the 
flushing  gear  is  located,  vide  fig.  II  (c). 

The  most  economic  and  satisfactory  working  depth 
for  a  septic  tank  is  6  feet.  Five  does  fairly  well  and  may 
be  used  in  places  where,  on  account  of  the  latrine  being 
used  in  rushes,  as  at  railway  stations,  very  ample  seating 
accommodation  is  required  with  a  comparatively  small 
tank  capacity. 

In  most  active  septic  tanks  there  is  about  8  to  12 
inches  of  light  sludge  and  the  scum  is  frequently 
some  6  inches  in  thickness,  so  that  it  is  obviously  not 
desirable  to  decrease  the  depth  below  5  feet. 
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Tank  capacity  necessary. 

Without  giving  any  reasons  for  the  statement,  tank 
capacity  equal  to  12  or  15  gaUons  per  user  per  diem  is 
found  to  give  the  most  satisfactory  results,  and  to  be  the 
most  economical  in  every  way.  The  discussion  as  to  how 
these  figures  have  been  arrived  at  may  be  left  for  the 
present.  The  sewage  going  into  a  septic  tank  of  this 
design  is  either  a  4  or  5  gallons  sewage,  that  is  to  say, 
the  flushes  are  usually  set  to  supply  about  4  gallons, 
and  one  gallon  per  diem  per  user  is  allowed  for  swilling 
down  the  latrine  and  for  the  wash  water  used  by  the 
natives  of  this  country  instead  of  paper.  Consequently 
with  the  sewage  of  this  strength  a  three  days'  rest  is 
allowed  .  in  the  tank.  This  amount  of  tank  capacity 
per  user  may  be  looked  upon  as  standard  for  this 
strength  of  sewage  ;  from  a  very  large  amount  of  expe- 
rience it  has  been  proved  to  give  a  very  satisfactory 
result. 

Grit  Chamber. 

Very  early  in  our  experimental  work  on  septic  tanks 
it  was  realised,  that  large  and  hard  masses  of  f oeces  would 
pass  unaltered  into  the  tank.  It  was  also  reasonable  to 
suppose,  that  a  considerable  time  must  elapse  before 
these  masses  broke  down,  or  before  the  material  com- 
posing them  would  be  sufficiently  mixed  with  water, 
to  allow  of  the  true  septic  action.  Furthermore,  it  was 
equally  obvious  that  if  these  masses  passed  into  the  body 
of  the  tank,  they  would  eventually  accumulate  at  the  outlet 
end  and  render  the  effluent  offensive.  Consequently  .in 
the  early  designs  it  was  arranged  to  separate  these 
hard  masses.  In  order  to  effect  this,  a  division  wall  was 
placed  in  the  tank,  so  as  to  make  a  small  compartment, 
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which  we  now  know  as  the  "  Grit  Chamber."  Another 
reason  for  designing  tanks  in  this  way  was,  that  jute  fibre, 
stones,  sacking  are  not  infrequently  made  use  of  by  the 
coohes  visiting  the  latrine,  and  it  was  necessary  to  keep 
these  undesirable  materials  in  a  separate  chamber,  from 
which  removal  would  be  easy.  It  has  been  subsequently 
discovered  that  the  secret  of  success  of  our  tanks,  in  giving 
such  an  extraordinary  percentage  of  purification,  is  to  be 
ascribed  to  this  arrangement  of  the  grit  chamber.  The 
connection  between  the  grit  chamber  and  the  tank  proper 
must  always  be  at  the  bottom;  the  aperture  should  not  be 
more  than  a  foot,  or  at  the  very  outside  i8  inches,  from  the 
base  to  the  edge  of  the  walls.    Vide  fig.  Ill  [a)  and  {d). 

From  careful  observations  we  can  state  that  95% 
of  all  masses  of  foeces  float  in  water,  hence  as  long  as 
the  connection  between  the  tank  proper  and  the  grit 
chamber  is  placed  near  the  floor,  there  is  no  likelihood 
of  masses  passing  into  the  tank  ;  but  it  is  obvious,  that, 
if  apertures  are  made  in  the  partition  wall  within  a  foot 
of  the  surface,  then  more  or  less  broken  down  masses 
of  foeces  would  find  their  way  into  the  body  of  the  tank 
and  would  spoil  the  appearance  and  purity  of  the  efflu- 
ent. Practical  experience  has  shown  that  the  capacity 
of  the  grit  chamber  should  be  one-eighth  of  the  total  tank 
capacity.  This  point  will  be  further  discussed  later  on. 
The  floor  of  the  grit  chamber  should  always  slope  sharply 
m  the  direction  shown  in  fig.  Ill  {d),  and  a  large  aperture 
should  be  arranged  at  the  bottom  about  18  inches  or 
2  feet  in  diameter  to  enable  bricks  and  such  like  mate- 
rials to  be  removed  easily. 

It  is  not  our  practice  in  this  country  to  use  scum 
boards  or  baffle  walls  to  any  extent,  because  the  tanks 
are  shut  in,  but  a  simple  arrangement  is  usually  put  in, 
so  as  to  allow  of  running  the  grit  chamber  dry,  without 
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emptying  the  body  of  the  tank.    This  is  done  by  placing 
a  wall,  of  sufficient  thickness  to  resist  the  pressure  when 
the  grit  chamber  is  empty,  in  the  position  shown  in  fig.  Ill 
{a)  and  (d).    If  for  any  reason  it  is  found  advisable  to 
remove  the  material  collected  at  the  bottom  of  the  grit 
chamber,  all  that  is  required  is,  to  open  the  stopcock 
and  lower  the  level  of  the  tank  as  a  whole,  till  it  reaches 
the  wall ;  from  this  point  only  the  contents  of  the  grit 
chamber  will  be  drawn  off.    The  large  aperture  can 
then  be  opened  and  the    bricks    and    stones,  etc., 
removed.    By  this  simple  method  the  activity  of  the 
contents  of  the  tank,  which  usually  takes   about  12 
months  to  develop  to  its  fullest  extent,  is  not  wasted. 


Removal  of  Sludge. 


In  these  days  no  one  believes  that  100%  of  all  sus- 
pended or  solid  material  will  be  rendered  soluble  by  the 
action  of  the  septic  tanks .  Under  the  conditions  of  working 
in  Bengal,  where  a  purely  domestic,  though  a  very  con- 
centrated, sewage,  derived  from  a  population  who  are  aU 
vegetarians,  is  run  into  a  tank  for  anaerobic  treatment, 
a  very  considerable  amount  of  suspended  matter  (pos- 
sibly as  much  as  500/0)  is  undoubtedly  liquefied;  but  of 
course,  some  sludge  does  accumulate,  and  it  is  necess'arv 
to  remove  it  periodically.    Arrangements  to  carry  out 
this  removal  must  always  be  made  in  the  design  of  the 
tank.    Our  experience  in  Bengal  is  that  with  a  tank  work- 
mg  properly,  sludge  accumulates  very  slowly.  It  is  always 
ot  a  light  nature,  resembling  very  much  the  tea  leaves  that 
are  obtained  from  soaking  tea  dust  in  water.    An  examin 
a  ion  will  show  that  the  particles  are  mostly  theTusk 
lcZT'/'''''f  ^^^^^-^  very  easy  to^emove  n 
a  correctly  designed  tank.    The  easiest  method  of  getting 
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Tid  of  the  sludge  is  to  provide  a  fair  number  of  large  stop- 
cocks, not  less  than  6  inches  in  diameter,  situated  at  suit- 
able intervals  down  the  side  of  the  tank,  the  bottom  of 
the  tank  being  dished  towards  these  openings.  If  the 
tanks  are  sunk  in  the  ground,  it  is  better  to  fix  a  4- 
inch  iron  pipe,  leading  down  into  the  sump,  providing 
this  with  a  screw  coupling  at  the  top  end,  so  that  a  pump 
can  be  easily  attached  and  the  sludge  removed  in  this 
way.  Fig.  Ill  {b)  shows  a  tank  designed  by  myself 
which  has  given  very  satisfactory  results.  A  sludge 
drain  should  always  be  provided  outside  the  latrine  to 
carry  away  the  material  when  the  stopcocks  are  opened. 
These  drains  should  not  discharge  into  a  river  or  stream, 
but  should  end  in  a  pit  filled  with  gravel  or  sand.  The 
fluid  part  of  the  sludge  soaks  away  into  the  subsoil ;  the 
sludge  itself,  which  is  quite  odourless,  should  be  removed 
and  trenched. 


Discharge  Pipes. 
The  usual  way  of  allowing  the  effluent  to  pass  out 
of  septic  tanks  in  Europe  is  by  a  sil ;  in  this  country 
we  find  that  it  is  better  to  take  off  the  effluent  at  a  point 
half  way  between  the  scum  and  the  sludge.  By  this 
means  it  is  practically  impossible  to  get  large  quantities 
of  solid  material  mixed  with  the  effluent ;  now  and  then 
rushes  of  black  material  do  occur,  due  to  the  fact  that 
a  discharge  of  gas  has  somewhat  disturbed  the  sludge 
in  the  neighbourhood  of  the  discharge  pipes.  Usually 
two  or  three  4-inch  pipes  of  the  design  given  above 
suffice  to  carry  away  the  effluent.  It  is  sometimes 
advisable  to  put  a  stopcock  at  the  end  of  the  discharge 
pipe,  so  as  to  try  and  equalise  the  flow  of  eifluent.  This 
type  of  latrine  is  invariably  used  irregularly,  whether  it 
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be  provided  for  mills,  or  schools.  In  jute  mills  6  to  9  a.m. 
and  4  to  6  p.m.  are  times  when  there  is  a  considerable 
increase  in  the  number  of  users,  consequently  the  rate  of 
discharge  of  effluent  is  greater  at  certain  times  of  the  day 
than  at  others.  This  irregularity  of  flow  can  be  partially 
remedied  by  throttling  down  the  discharge  with  the 
stopcock,  and  providing  room  in  the  main  tank  for  the 
sewage  to  head  up.  Variations  in  rate  of  flow  render 
distribution  over  the  filters  more  difficult,  particularly 
if  only  a  simple  apparatus  is  made  use  of.  The  simple 
device  suggested  above  assists  in  equalising  matters. 


Ventilation  Shaft. 

One  or  two  4-inch  ventilation  shafts  should  always 
be  fitted  to  the  tank  so  as  to  carry  away  all  the  gas  gener- 
ated in  the  tank.  These  are  shown  in  the  plans.  As  a 
general  rule,  it  is  not  worth  while  going  to  the  trouble 
of  collecting  the  gas,  passing  it  through  lime,  etc.,  in 
order  to  utilise  it  for  lighting  or  power  purposes.  Large 
volumes  of  gas  are  formed,  and  mill  engineers  in  charge 
of  installations  should  be  warned  not  to  lower  naked 
lights  into  tanks,  as  it  is  within  our  experience  that 
small  explosions  have  been  caused  by  this  means. 


Man-holes. 

In  the  event  of  any  accidental  circumstance  requir- 
ing the  tank  to  be  opened  up  and  cleaned  out,  it  is 
always  advisable  to  have  a  large  number  of  man-holes. 
These  should  be  placed,  one  over  the  grit  chamber, 
at  least  two  over  the  tank  proper,  one  at  the  inlet,  and 
one  at  the  outlet  end.  These  are  very  necessary  for  the 
periodic  examination  of  the  quantity  of  sludge  that  has 
accumulated;    they  are  also  very  useful  for  taking 
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samples  for  research  work.  It  is  obvious  that  if 
through  any  unforeseen  circumstances  the  tank  requires 
cleaning  out,  the  more  man-holes  there  are  the  easier 
is  the  work. 

Water-Supply. 

The  water-supply  of  the  latrine  has  for  the  most  part 
been  dealt  with  when  speaking  of  the  flushing  arrange- 
ments. It  is  usually  necessary  to  store  a  fairly  liberal 
supply  of  water  in  over-head  tanks  in  the  latrine  itself. 
Three  four-hundred  gallon  tanks  are  ample  for  a  latrine 
designed  for  2,000  users,  but  it  is  very  essential  that 
under  no  circumstances  should  there  be  a  scarcity  of 
water ;  it  is  easier  to  imagine  than  describe  the  state  of  a 
native  latrine  where  the  water-supply  is  deficient.  If 
pumping  only  goes  on  for  a  certain  number  of  hours  during 
the  day,  the  storage  capacity  must  obviously  be  increased. 
The  space  under  these  tanks  can  very  conveniently 
be  utilised  for  a  urinal.  Vide  fig.  Ill  {a)  and  {d). 

It  may  just  be  mentioned  at  this  point  that  water 
supplied  to  the  latrine  should  be  clear  and  not  charged 
with  silt,  for  it  is  within  our  experience  that  4  feet  of 
sticky,  clayey  mud  has  been  found  in  the  septic  tank 
simply  due  to  neglect  of  this  precaution  ;  the  silt  was 
only  removed  with  the  greatest  difficulty. 

In  a  flat  country  such  as  Bengal  it  is  usual  to  build 
the  tanks  above  the  ground  ;  by  this  means  practicali;/  no 
fall  is  lost  it  is  desirable  to  keep  the  discharge  pipes 
high  so  that  5  or  6  feet  head  is  available  for  the  filtering 
process.  In  undulating  localities,  where  faU  is  avail- 
able, tanks  may  be  sunk  either  entirely  or  partially  in 

the  ground.  ^  .  , 

It  is  usual  of  course,  to  provide  two  staircases  to  a 
latrine  and  to 'partition  off  a  certain  number  of  seats 
for  the  convenience  of  the  women. 


CHAPTER  IV. 


THE  STUDY  OF  THE  CHEMICAL 
ACTION  IN  THE  TANK. 

'pHE  study  of  the  chemical  action  that  goes  on  in  the 
tank  as  a  whole  or  in  the  various  compartments  is 
a  long  and  somewhat  complex  subject ;  it  will  be  neces- 
sary to  divide  it  into  several  separate  parts  and  dis- 
cuss each  separately.  The  one  that  we  will  consider 
first  is  the  strength  of  the  sewage  which  is  put  into 
the  tank. 

In  the  designing  of  all  installations,  the  first  step 
towards  a  satisfactory  understanding  of  the  problem  to 
be  solved,  is  a  complete  study  of  the  quality  and  quantity 
of  the  sewage  to  be  treated.    In  the  sewage  of  large  cities, 
or  even  in  that  of  smaller  institutions,  there  is  consider- 
able variation  in  the  strength  at  different  times  of  the 
day.    The  addition  of  storm  water,  trade  effluent,  etc., 
which  are  usually  present  in  the  sewage  of  a  large  manu- 
facturing town,  very  materially  complicate  the  question 
and  greatly  add  to  the  difficulties  of  obtaining  a  satisfac- 
tory final  resuk.    It  will  be  noted  that  in  the  small 
arrangement,  that  has  already  been  described  in  the  pre- 
cedmg  chapters,  none  of  these  difficulties  exists.  The 
sewage  is,  of  course,  purely  domestic,  and  in  a  properly 
designed  latrine  the  variation  in  the  strength  is  not  great 
It   being  composed  of  the   foecal   discharges   of  one 
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individual,  plus  4  or  5  gallons  of  water  as  the  case  may 
be  ;  consequently  it  should  not  be  a  difficult  matter  to 
obtain  thoroughly  reliable  information  as  to  the  chemical 
composition  of  such  a  sewage. 

It  is  obvious  that  there  are  many  and  important 
differences  between  a  sewage  of  this  strength  and 
character,  and  the  usual  material  given  out  by  any 
town  in  Europe.  Firstly,  it  must  be  stated  thkt  the 
sewage  in  our  latrines  is  extremely  fresh,  that  is  to  say, 
that  it  is  usually  only  a  matter  of  minutes  from  the  time 
that  the  discharges  are  voided  to  the  time  that  they  are 
subjected  to  the  action  that  is  going  on  in  the  septic  tank. 
In  an  ordinary  well-looked  after  latrine  there  is  practic- 
ally no  evidence  of  the  commencement  of  decomposition 
in  the  latrine  itself  ;  there  can  be  nothing  akin  to  the 
action  of  a  chemical  nature,  which  must  go  on  in 
the    sewers,   whilst   the    material   is   passing  down 

them.  •    1  J 

Secondly,  another  very  important  practical  detail 
which  constitutes  a  further  difference  between  a  Euro- 
pean sewage  and  that  obtained  in  our  installations,  is, 
that  there  is  no  disintegrating  or  breaking  up  action  of 
the  masses  of  foeces  in  these  latrines.  Anyone  conversant 
with  European  sewage  knows,  that,  after  the  fcecal 
material  and  flush  water  has  passed  down  mUes  of  sewers, 
a  fairly  homogeneous  emulsion  is  the  result ;  a  certain  per- 
centage of  hard  masses  remains  it  is  true,  but  by  far  the 
maior  portion  of  the  foecal  matter  is  broken  up  and  mixed 
intimately  with  the  water.  Now,  in  these  latrines  this 
is  not  so.  The  maximum  distance  that  the  foecal 
material  has  to  travel  down  the  soil-pipe  or  ti^ugh 
is  about  40  ft.,  and  much  of  it  does  not  t--l  any^^ 
like  this  distance.  The  consequence  is  that  by  far  the 
greater  portion  of  the  foecal  discharges  are  m  the  form  of 
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hard  masses  when  they  enter  the  tank.  It  is  impossible 
to  over-estimate  the  practical  results  of  this  condition 
and  we  shall  endeavour  to  show  that  a  sewage  containing 
large  and  hard  masses  requires  entirely  different  treat- 
ment from  a  well-mixed  homogeneous  sewage.  Of  course 
all  soluble  sohds,  such  as  are  present  in  the  urine,  mix 
intimately  with  the  flush  water  and  pass  through  the' tank 
at  the  ordinary  speed ;  but,  on  account  of  this  peculiar 
composition  of  the  sewage,  the  tank  must  be  designed 
to    allow     time     for    the    disintegration    of  these 


masses. 


Thirdly,  it  should  be  mentioned,  that,  unlike  a  domes- 
tic sewage  in  Europe,  there  is  no  paper  in  a  tropical 
sewage  ;  it  has  already  been  explained  that  practically 
all  natives  m  this  country  use  water  "for  cleansing  pur- 
poses. In  jute  mills,  jute  fibre  and  occasionally  sacking 
are  made  use  of,  but  this  is  to  be  regarded  rather  as  an 
acqmred  habit,  not  a  usual  custom,  the  women  as  a  rule 
being  the  worst  offenders  in  this  respect.  There  is  con- 
siderable difference  between  different  mills  as  regards 
habits  of  this  kind.  A  certain  class  of  Mahomedans  use 
pieces  of  brick  for  the  same  purpose,  and  these,  though 
they  may  give  endless  trouble  in  a  latrine,  cannot  of 
course,  be  looked  upon  as  a  component  part  of  the 
sewage. 

In  order  to  study  the  chemistry  of  this  crude  sewage 
the  foecal  discharges  from  lo  of  the  coolies  employed 
m  the  Govt.  Vaccination  Depot  were  collected  and 
mixed  with  50  gallons  of  water  ;  this  rewage.has  been  for 
many  years  the  basis  of  our  experimental  work.  In  this 
experimental  sewage  there  is  only  the  urine  that  is  passed 
at  the  one  visit,  so  that  this  represents  about  20-250/  of 
that  passed  in  24  hours.  From  very  many  hundreds 
ot  analyses  of  the  crude  sewage,  made  over  a  period  of 


something  like  four  years,  the  average  figures  may  bo 
given  as  follows  : — 


Four  hours'  oxygen  value  26-64 
Chlorine      ...  ...  65 


■  (The  water  used  for 
making  the  mixture 
contains  2'2$  pts.  of 
chlorine.) 


(  Saline  ammonia        ...  2-64 
Nitrogen  |  Albumenoid  ammonia  5-95 

These  results  can  only  be  obtained  when  the  mix- 
ture of  the  fcecal  material  and  water  has  been  extremely 
thorough.    This,  of  course,  is  a  very  important  practi- 
cal point ;  for  it   stands  to  reason,  that   if  masses 
remain,  it  is  impossible  to  get  an  accurate  estimate 
of  the'  strength    of   the  sewage.    In  practically  all 
the  installations  in  Bengal,  the  analysis  of  the  sewage 
given   above    may    be    looked    upon  as   the  maxi- 
mum    that    would    be    met    with,    provided  that 
adequate  mixing  has  been  accompUshed  with  5  gallons 
of  flush  water  per  user.    As  a  matter  of  fact,  it  has  been 
amply  proved  that  such  a  mixture  never  exists  m  actual 
TacUce     It  is  only  with  very  great  difficulty  that  we 
were  able  to  insist  on  our  staff  of  sweepers  making  this 
mixture  properly,  and  in  the  latrines  this  would  no  take 
Sace     In  order  to  demonstrate  the  importance  of  this 
point' It  will  be  well  to  aUude  to  an  occurrence  ^^4alch 
took  place  m  the  laboratory,  which  appeared  at  the  time 
to  be  of  the  nature  of  an  accident.    In  August  1909,  whd 

ome  work  on  our  model  septic  tank  was  m  P-gress  it 
waTdLovered,  that,  comparing  the  four  hours  oxygen 
Inl  — noi'd  ammoma  figures  m  the  -ude  sewage 
those  obtained  m  1906,  there  w^s  a^-t^^^^^^ 

tion,  that  instead  of  coming  up  to  the  strengm  giv 
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Nitrogen    ...  | 


above  the  following  average  was  obtained  from  many- 
analyses  : — 

Four  hours'  oxygen  value    ...  ...  io'8 

Chlorine...  ...  ...  ...  6'g 

Saline  ammonia    ...  ...  ...    2  3 

Albumenoid  ammonia        ...  ...    2  49 

A  study  of  these  figures  shows  that  the  soluble 
constituents  of  the  sewage,  namely,  those  that  would 
pass  into  it  in  the  shape  of  urine,  have  not  fallen  off ;  in 
other  words,  the  chlorine  and  saline  ammonia  figures  are 
practically  the  same  in  both  analyses,  but  the  albumenoid 
ammonia  and  four  hours'  oxygen  figures  are  very  much 
reduced.    The  fact  that  the  soluble  products  are  the 
same  in  both  goes  to  show  that  there  has  been  no  error 
m  taking  the  discharges  of  10  individuals,  nor  could  the 
quantity  of  water  used  to  dilute  the  sewage  be  at  fault. 
It  was  at  once  surmised  that  probably  the  mixing  had  not 
been    thoroughly  done.    An  inspection  of  the  work 
of  the  staff  showed  at  once  that  this  was  the  case.  At 
first  the  accident  was  looked  upon  as  a  deplorable  mis- 
take, and  one  that  had  occasioned  waste  of  valuable  time, 
but  on  further  consideration,  it  was  remembered  that  in 
actual  practice,  in  the  public  latrines,  nothing  of  the 
nature  of  adequate  mixing  can  possibly  take  place,  and 
that  this  sewage,  on  which  some  valuable  work  had  been 
carried  out,  probably  very  nearly  represented  the  actual 
strength  of  the  sewage  as  it  enters  the  tank  proper,  after 
removal  of  the  large  masses  by  the  grit  chamber.  Further 
work  on  this  subject  has  shown  that  even  these  figures 
are  too  high  in  some  respects.    In  an  ordinary  healthy 
commumty,  by  far  the  greater  part  of  the  foecal  material 
passed,  IS  of  such  a  consistency  that  it  will  not  readily 
mix  with  water.  The  following  table  gives  a  fairly  accurate 
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estimate  of  the  strength,  according  to  the  amount  of 
mixing  employed: — 


Chlorine. 

4  Hrs.' 
Oxygen. 

Saline 
Ammonia. 

Albumen. 
Ammonia. 

Thoroughly  mixed  sewage 

6-4 

26 

2  46 

5'95 

Partially          ,,  ,, 

6-4 

10  8 

2-30 

2-45 

Unmixed  sewnge 

6-4 

7 

2'30 

I'2 

w^\TrTmf^n}i//i)iii}ni//// 


GR,T  i 

chamberI^ 


TANK 


It  is  easily  demonstrated  that  the  sewage  as  it  leaves 
the  grit  chamber  and  enters  the  tank  proper,  is  practic- 
ally the  same  strength  as  the  unmixed  sewage  in  the 
table  above,  for  by  taking  samples  at  A  in  the  plan,  we 
obtain  a  similar  mixture,  viz.,  the  crude  sewage  with  all 
the  masses  retained  in  the  grit  chamber.  The  results  of 
some  analyses  are  as  follows  :- 


Chlorine. 

4  Hrs'. 
Oxy. 

Saline 
Ammonia. 

Albu- 

menoirl 
Ammon. 

Average  of  eight  samples 
from  one  latrine  (7-gal- 
lon  dilution) 

Average  from  six  samples 
from  various  latrines 
(q-gallon  dilution) 

3'42 
6-0 

4-12 
923 

277 
7'oi 

•76 
I  '06 
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It  will  be  seen  that  the  first  of  these  very  closely 
resembles  the  unmixed  sewage,  whilst  the  second  that 
of  the  partially  mixed,  the  high  free  ammonia  figure  being 
due  to  the  septic  action  in  the  grit  chamber. 

Now,  the  important  points  to  remember  in  connection 
with  the  working  of  these  septic  tank  latrines  are  :  (i) 
that  when  these  masses  are  separated  out,  they  represent 
a  very  large  proportion  (from  60—80%)  of  the  solid  organic 
matter  in  the  sewage  which  has  to  be  acted  upon  ;  (2) 
that  due  to  the  design  of  the  grit  chamber,  these  masses 
are  actually  separated  out  from  the  sewage  and  remain 
behind  in  this  chamber.  Consequently,  in  the  tanks  as 
we  design  them,  we  have  at  least  two  different  actions  :— 

(1)  an  action  which  is  going  on  in  the  grit 
chamber  in  the  masses  of  foeces  that  are 
retained  in  this  compartment  ; 

(2)  an  action  which  is  going  on  in  the  tank  proper. 
Before  going  into  a  long  discussion  of  the  action 

which  takes  place  on  the  foeces  in  the  grit  chamber  it 
may  be  stated,  that  an  inspection  of  one  of  these  tanks 
gives  us  very  valuable  information.  On  removing  the 
man-hole  cover,  it  is  observed  that  apparently  the  whole 
of  the  grit  chamber  contains  a  solid  mass  of  foeces  If 
sections  are  made  in  various  parts  of  this  chamber,  it  is 
found  that  the  mass  maybe  2  or  even  3  feet  thick  in  certain 
places,  particularly  in  the  corners.  Under  each  soil-pipe 
there  is  a  free  channel,  through  which  the  fluid  part  of 
the  sewage  passes  into  the  latrine.  The  rough  diagram 
given  below  explains  the  situation  better  than  anything 

f).  ,^7;'l"'f^''^PP°^^d  that  if  the  major  portion  of 

etJin'eH  °^  ^'"^^  2,000  users  per  diem,  are 

retained  m  this  comparatively  smaU  chamber,  that,  it  is 
only  a  case  of  time,  when  the  whole  latrine  will  be 
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sludged  up  solid ;  the  general  appearances  of  a  grit 
chamber  seem  to  confirm  this  very  natural  surmise. 
That  this  accident  does  not  take  place,  is  proved  by 


PLAN 

D 


Solid  Foeces 


SECTION  A  B 
SOIL  PIPES 


SECTION  C  D 


.Solid  Foeces 


Soil  Pipe 


the  fact,  that  we  have  in  the  neighbourhood  of  Calcutta 
no  less  than  eight  latrines,  that  were  erected  m  1902; 
these  have  never  given  a  day's  trouble  ;  the  gnt  cham- 
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bers  have  never  been  cleaned  out  or  in  any  way  touched. 
Consequently  it  is  perfectly  obvious,  that  if  a  large 
amount  of  solid  foeces  is  daily  added  to  the  mass  in  the 
grit  chamber,  a  corresponding  amount  of  breaking  up 
must  also  be  taking  place,  and  the  disintegrated  masses 
must  be  passing  with  the  flush  water  into  the  tank 
proper  ;  were  this  not  so,  the  accumulation  of  foeces 
would  soon  render  the  latrine  useless.  There  appears 
to  be  very  little  doubt,  that  many  of  the  harder  masses 
of  foecal  material  must  remain  in  this  chamber  for 
weeks  or  possibly  months  before  they  disintegrate. 

In  one  particular  latrine,  namely,  Shamnagar  Jute 
Mill,  the  labourers  have  contracted  the  very  bad  habit 
of  using  jute  fibre  for  cleansing  purpose  instead  of  water. 
The  consequence  is,  that  not  only  is  the  grit  chamber 
filled  up  with  a  mass  of  what  is  practically  sohd  foecal 
material,  but  this  is  held  together  by  a  strong  network 
of  jute  fibre.    Although  the  latrine  has  been  in  opera- 
tion for  seven  years,  the  grit  chamber  is  working  admir- 
ably and  shows  no  signs  of  being  blocked.    Of  course, 
this  great  mass  of  jute  must  eventually  upset  the  work- 
ing of  the  latrine  unless  it  is  removed,  but  there  can 
be  no  doubt  as  to  the  main  contention,  namely,  that  with 
a  properly  designed  grit  chamber  the  rate  of  collection 
of  foecal  material  is  not  greater  than  the  rate  at  which 
the  mass  breaks  down. 

Now,  if  it  is  granted  that  the  average  stay  of  the  solid 
loeces  m  the  grit  chamber  is  anything  between  three  days 
and  three  months,  during  this  lengthy  period  a  very 
large  amount  of  chemical  action  must  go  on.  We 
are  aware  that  the  substance,  which  we  call  fceces  is 
a  very  highly  complex  mass,  made  up  of  millions  of 
organisms,  the  remnants  of  enzymes  secreted  by  the 
intestinal  mucous  membranes,  and  the  particles  of  matter 
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derived  from  the  food.  It  is  therefore  to  be  expected 
that  actions  of  many  kinds  will  be  taking  place  in  the 
foeces  during  the  period  of  rest  in  the  grit  chamber. 

In  order  to  definitely  prove  this  point  samples  of 
this  mass  were  collected  and  examined.  In  most  cases 
the  portions  were  obtained  from  a  part  of  the  grit  cham- 
ber at  a  considerable  distance  from  the  inlet  pipes,  so  as 
to  ensure  getting  specimens  that  had  been  some  time  in 
the  chamber.  The  results  of  these  analyses  are  given  in 
Table  No.  IVa,  and  they  are  extremely  interesting  and 
striking. 

Each  sample  was  analysed  in  exactly  the  same  way, 
the  method  being  as  follows  : — 

Every  bottle  of  material  was  carefully  mixed  and 
any  large  particles  such  as  sticks,  jute  fibres,  etc.,  separa- 
ted out.  10  grammes  of  this  cleansed  material  were 
weighed  out  and  put  in  i  litre  of  water  ;  the  mixture  was 
then  analysed  very  fully. 

To  form  a  basis  of  comparison,  three  precisely  similar 
mixtures  were  made  from  the  fresh  fences  of  lo  coolies  m 
the  depot.  The  percentage  of  water  present  in  each 
sample  prior  to  making  the  mixture  was  carefully 
estimated ;  it  will  be  observed  that  the  variation  is  not 
great,  so  that,  broadly  speaking,  the  results  obtained 
from  the  various  samples  are  fairly  comparable. 

The  samples  Nos.  I  and  II  taken  from  Shamnagar 
are  very  remarkable.  As  already  stated,  the  grit  cham- 
ber is  full  of  jute  fibre,  and  this  binds  the  mass  together 
and  prevents  the  flowing  away  of  the  foecal  material,  even 
when  it  has  become  fluid.  The  probabilities  are,  that 
these  samples  are  actually  the  oldest  of  the  whole  series 
The  results  of  the  analyses  should  be  carefully  compared 
with  those  of  the  fresh  mixture.  It  will  be  observed 
that  the  four  hours'  oxygen  figure  of  the  Shamnagar 
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I 

2 

1 

1  3 

4 

5 

6 

7 

8 

9 

10 

Date. 

Oiigin. 

c 

b 

V 

B 

ue  after 

3  Minutes'  Oxygbn- 

VALUE. 

Nitrogen. 

AMOUNT  OF  Dis- 
solved OXY.  LEFT 
DILUTION   I  IN  10. 

s 

Remarks. 

;ntage  of  w 
samples. 

V 

c 

1/  Oxygen-v 

.'  Oxy.-vali 
ification. 

id  Organic. 

Before 
incu- 
bation. 

After 
incu- 
bation. 

Diflfer- 
ence 
between 
A  &  B. 

Saline 
and 
free. 

Album- 
enoid 
Ammonia. 

Mitrid. 
and 
Nitrou^ 

After 
24 
hours. 

After 

48 
hours. 

Period 
required 
to  Nitrify. 

Nitroger 
dal  (per  c« 
d  residue). 

^£ 

Oi 

0 

JS 

0 

"o 

(J 

A 

B 

Total 
Kjel 

31-1-10 
31-1-10 

Shamnagar 

n 

11 

86-52 
85-96 

I  2 
12 

697 
641 

•84 
-91 

6-, 3 
5  5 

2-79 
2  23 

3  20 
3-00 

-41 
•77 

■59 
54 

215 
1-79 

Nit 

)) 

•40 
•46 

■32 
■38 

20 

'9 

2-a8  1 

2  '60 

Very  old  samples  grit  cham- 
ber containing  jute  fibre. 

17-2-10 

Hastings 

84  17 

14 

16  79 

4-75 

1 2  04 

6-31 

6-71 

•40 

I  60 

.^10 

»» 

'C  I 

Nil 

14 

- 

5  20 

Taken  near  discharge  pipe. 

1 7-2-10 

»» 

II 

82-30 

1-8 

1587 

3-76 

1 2  1  1 

607 

650 

-43 

277 

2  '40 

)) 

"02 

14 

4'i 

Taken  further  away. 

I  7-2-10 

91 

III 

8378 

12 

13-21 

2-47 

10  74 

502 

6-25 

I  23 

320 

r89 

») 

•42 

-29 

12 

1) 

384 

Taken  in  corner  old  sample 

25-2-10 

Tittagarh 

^5-41 

•8 

13-78 

1-58 

I  2  '2 

3-37 

4  CO 

•63 

1-23 

103 

»J 

■04 

Nil 

1 1 

>  < 

3  37 

Latrine  working  for  6  years. 

25-2  10 

II 

11 

8613 

10 

1 172 

1-71 

lO'OI 

358 

4'20 

-62 

1-35 

I  09 

J» 

•05 

■) 

8 

)» 

30 

28-2-10 

Standard 

I 

7937 

12 

1 7  ■t;2 

l6'l  9 

7-'5 

7-92 

■77 

1-89 

I -80 

)) 

■4  I 

} ) 

1 1 

2  3 

28-2-10 

>i 

II 

82-55 

1  2 

1771 

1-24 

1647 

6-35 

7-10 

-75 

2-31 

I  62 

" 

•54 

'2  1 

'3 

') 

3-3 

28-2-10 

Tittagarh 

III 

8230 

I  0 

18-28 

1-52 

16  76 

6-35 

7-18 

■83 

2-46 

1  -84 

j 

'34 

Nil 

14 

)) 

318 

3-3-10 

Bengal  Cotton 

Mill 

83-21 

I  2 

9-69 

1-56 

8-33 

4-42 

4  00 

•24 

00 

I  •67 

1 

■14 

V 

^7 

1  ] 

387 

3-3-10 

Desi  Cotton 

Mill 

84-96 

I  0 

10-37 

I'29 

9x8 

2-77 

4-01 

1-24 

-80 

I  88 

)' 

■22 

)) 

19 

)» 

3  66 

3-3-10 

Clive  Jute 

Mill 

81  48 

1  2 

17  69 

I  -22 

16-47 

1  I  '4  I 

12  87 

1-46 

2  7  I 

2-15 

'04 

t» 

19 

392 

S-3-10 

Victoria  Jute  Mill  I 

8143 

I-o 

18  14 

2  00 

1614 

9-22 

10  30 

108 

I  04 

I  61 

•22 

)1 

16 

) ) 

3-03 

5-3  10 

>> 

II 

85-33 

8 

i6-8i 

1-74 

15-07 

7*io 

810 

I  -QO 

I  89 

1-65 

•46 

17 

)) 

4'3i 

5-3-10 

If 

III 

86*44 

10 

16  03 

1-91 

1 41 2 

7  34 

8-70 

1-36 

I -60 

232 

}» 

•46 
I  in  20 

17 

)» 

3-96 

Mixture  of  fresh  fceces 
10  individuals. 

fron) 

80  21 

14 

1 2  05 

1  89 

10  16 

539 

6-92 

1-53 

•76 

347 

•27 
I  in  10 
Nil 

!■■ 

32 

)  I 

S'55 

I  in  20 

1 

»»  » 

81-9 

1  -8 

10  68 

I  64 

9  04 

424 

6  54 

2-30 

■44 

2  40 

•09 
I  in  10 

Nil 
1  in  5c 

29 

J » 

5-64 

>»  i> 

8o-i 

2-0 

11-28 

2-20 

9-08 

•86 

3  32 

\ 

•23 
I  in  10 

Nil 

};■ 

30 

n 

5-58 

I 


i 
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sample  is  only  about  half  that  of  the  fresh  mixture, 
and  the  three  minutes'  oxygen  value  is  extremely  low. 
There  is  a  very  small  quantity  of  saline  ammonia  ;  the 
albumenoid  ammonia  is  also  very  low ;  the  sample  contains 
very  little  easily  oxidisable  matter,  for  the  amount 
of  dissolved  oxygen  taken  from  water  in  the  solution 
of  I  in  10  in  48  hours  is  very  small.  The  Kjeldal  or 
total  nitrogen  figure  is  under  half  of  what  it  is  in  the 
fresh  foeces. 

The  next  series  of  samples  taken  from  Hastings  Mills 
are  also   very  important.    These  3  samples  were  all 
taken  from  the  same  grit  chamber  on  the  same  day.  No. 
r  was  taken  close  up  to  the  soil-pipe  where  practically 
nothing  but  fresh  foeces  would  be  caught.    No.  2  was 
taken  further  away  from  the  soil-pipe,  and  No.  3  right  in 
one  corner  of  the  grit  chamber.    A  comparison  of  the 
figures  is  exiremely  interesting.    Four  hours'  o;cygen,  3 
mmutes'  oxygen,  albumenoid  ammonia  and  the  total 
nitrogen  figures  show  a  progressive  falling-off  between 
the  samples  i,  2  and  3  ;  on  the  other  hand,  the  saUne 
ammonia  is  increased  in  inverse   order.   The  difference 
between  the  absorptive  power  of  dissolved  oxygen  is 
marked  between  the  samples  i,  2  and  3,  demonstrating 
the  fact   that  rapidly  oxidisable  matter,  in  the  third 
.  sample,  is  not  large  in  amount  and  not  in  such  a  condition 
as  to  readily  take  up  oxygen  from  water. 

i-eniaining  samples  nothing  special  need  be 
s?  ateM '^.T  They  all  demon- 

that  ml  ^IT""  ''''^  and 

that  made  with  foeces  from  the  grit  chambers. 

It  may,  however,  be  well  to  say  something  on  the  vari- 
ous columns  m  this  table.  The  percentage  of  water  in 
these  various  samples  varies  so  little  that  the  actual  re- 
sults may  be  compared;  therefore  it  has  not  been  thought 
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desirable  to  reduce  them  to  a  common  denominator. 
It  should,  however,  be  stated  that  the  total  nitrogen 
figures  are,  obtained  from  the  dried  residue  and  are 
strictly  comparable  in  all  samples. 

The  chlorine  figure  calls  for  no  particular  remark  ; 
diffusible  salts  like  chlorides  would  not  be  retained  in  the 
mass  very  long. 

The  4  hours'  oxygen  figures  are  very  extraordinary. 
Considering  that  we  have  absolutely  no  means  of  estim- 
ating how  long  these  various  samples  have  remained 
in  the  grit  chamber,   it  is  to  be  expected  that  consid- 
erable variations  would  occur   in  this  column.  The 
two  most  important  points  are  :  (i)  the  very  low  figure 
obtained  from  Shamnagar,  (2)  the  fact  that  in  nearly 
every  other  case  the  4  hours'  o.xygen  value  is  higher  in 
the  grit  chamber  foeces  than  it  is  in  the  fresh  mixture. 
The  reason  for   this  variation  has  been  demonstrated 
by  a   second   series   of    experiments,  which  will  be 
referred  to  later  on,  but  it  may  be  briefly  stated,  that 
if  a  mixture  of  foeces  is  allowed  to  stand  in  a  bottle,  at 
first  the  4  hours'  oxygen  value  steadily  increases,  due 
iTudoubtedly  to  the  putrefactive  changes  that  go  on,  but 
finally  there  is  a  decrease.    Hence,  taking  the  average 
of  these  12  samples,  10  of  these  represent  the  stage  when 
decomposition  has  gone  on  to  a  considerable  extent,  the 
4  hours'  oxygen  figure  being  increased.  The  2  Shamnagar 
samples  show  that  they  are  probably  in  a  later  stage 
than  this,  due  to  the  prolonged  stay  in  the  tank  on 
account  of  the  presence  of  jute  fibres  in  the  mass.  This 
explanation  is  borne  out  by  the  results  in  column  8  ; 
in  many  instances  where  the  4  hours'   oxygen  figure 
is    extremely    high    (particularly    in    the  Standard 
and  Victoria  Jute  Mills,  Nos.  i,  2  and  3)  the  amount 
of  oxygen  left  after  24  hours  is  very  considerable,  but 


45 


it  is  practically  nil  after  48  hours  ;  in  the  Shamnagar 
samples  the  amount  remaining  after  48  hours  is  still 
great. 

The  researches  of  Drs.  Fowler,  Evans  and  Oddie  have 
provided  a  very  simple  and  ready  method  of  estimating 
the  amount  of  colloids,  that  are  present  in  a  given 
effluent.  The  method  is  as  follows  : — Colloid  material 
is  readily  precipitated  from  the  fluid,  in  which  it  is  held 
in  suspension,  by  either  basic  ferric  acetate,  or  ferric 
aluminum  alum  ;  a  four-hours'  oxygen  absorption  from 
potassium  permanganate,  before  and  after  clariflcation 
with  these  salts,  has  been  shown  by  the  originators 
of  the  test  to  give  a  satisfactory  estimate  of  the 
amount  of  colloid  organic  matter  precipitated  by  the 
salts. 

A  glance  at  the  colloid  organic  column  (No.  5)  shows 
some  very  remarkable  results.  The  figures  should  be  care- 
fully scrutinised,  for,  there  seem  to  be  two  separate  sets  of 
results  obtained  in  the  samples  ;  one,  those  in  which  the 
cofloid  figure  is  practically  the  same  as  in  the  fresh  mix- 
tures {vide  the  Hastings  Mill,  the  Bengal  Cotton  Mill  the 
Desi  Cotton  Mill  and  the  Tit tagarh  Mill  samples)  • 'and 
another  series,  where  there  is  a  gi-eat  increase,  vide  Stan- 
dard, Chve  and  Victoria  Mill  results.  Considering  there 
IS  every  reason  to  beheve  that  all  the  samples  of  fceces 
have  remained  for  a  long  time  in  the  grit  chamber  the 
lack  of  uniformity  in  amount  of  colloid  organic  matter 
IS  distinct  y  odd,  particularly  when  it  is  noticed  that  the 
amount  of  crystalloid  organic  is  very  much  the  same  in 
al  samples.  One  is  forced  to  the  conclusion  that  the 
colloid  material  has  actually  increased  m  the  latter 
Se     n'T.^''  "'t'      side  with  the  four  hours'  oxygen 

M  u  ^'  tl^^^^  s-n^Ples  from 

Hastings  Mill  (all  of  which,  it  should  be  remembered 
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came  from  the  same  grit  chamber)  should  be  noted.  In 
these,  although  the  four  hours'  oxygen  figures  shows  a 
falling-off  in  the  three  samples,  the  variation  is  due  largely 
to  the  disappearance  of  crystalloid  organic  matter.  The 
only  explanation  that  one  can  give  of  these  very  dis- 
cordant results  is,  that,  apparently  in  some  samples, 
there  exists  a  material  of  a  colloid  nature,  which 
before  putrefaction  does  not  take  up  oxygen  from 
potassium  permanganate  in  4  hours,  but  that  after 
putrefaction,  the  products,  though  still  remaining 
colloid,  do  seize  oxygen  from  this  salt.  In  the  original 
paper  by  Dr.  Fowler  it  is  distinctly  laid  down  that 
the  method  does  not  pretend  to  give  the  absolute 
total  amount  of  colloid  present,  but  only  those  which  are 
readily  oxidised  by  potassium  permanganate.  These 
figures,  therefore,  tend  to  show  that  there  may  be  other 
colloids  occasionally  present  in  f  oeces,  which,  prior  to  putre- 
factive action,  are  not  easily  oxidisable.  It  is  prob- 
able that  this  particular  kind  of  colloid  does  not  exist 
in  all  samples  of  foeces. 

The  incubator  test  figures  are  somewhat  erratic.  It 
is  fairly  certain  that  the  Shamnagar  samples  represent 
the  oldest  foeces  in  the  series,  and  yet  the  difference 
between  the  putrescibility  of  this  sample  and  others 
is  not  very  great.  There  is,  for  instance,  no  paraUel- 
ism  between  the  putrescibility  test  and  the  amount  of 
dissolved  oxygen  remaining.  In  the  three  Hastmgs 
samples,  the  oldest  of  the  lot,  and  the  one  that  takes  up 
least  dissolved  oxygen,  is  infinitely  the  most  putrescible 
according  to  the  results.  We  have  always  mamtamed 
that  without  the  presence  of  hydrogen  sulphide  the 
putrescibility  test  is  of  no  value  whatever  to  the  sewage 
analyst  in  the  East,  and  the  extremely  discordant  results 
given  in  these  figures  confirm  this  opinion. 
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Concerning  the  saline  ammonia   figures,  it  is  not 
advisable  to  make  any  very  strong  statement  as  con- 
siderable variation  occurs.    Free  ammonia  is  very  diffusi- 
ble   in  water,  and  even  if  large  quantities  of  com- 
plex bodies  were  reduced  to  simple  ammonia,  the  salt 
would  rapidly  diffuse  away  in    the    stream  of  water 
passing  to  the  tank.    It  should,  however,  be  noticed  that 
in  the  grit  chamber  fceces,  there  is  a  very  material  increase 
over  the  figures  obtained  from  fresh  foeces.    It  should 
be  stated  that  the  mixture  of  fresh  fceces  was  made 
without  a  drop  of  urine  being  added. 

The  albumenoid  ammonia  figures  show  much  greater 
evenness.  They  are  all  lower  than  the  average  figures 
of  the  three  fresh  mixtures.  Speaking  broadly,  the 
albumenoid  ammonia  figures  in  the  grit  chamber  fceces 
samples  show  a  distinct  falling-off  from  those  of  the 
fresh. 

By  far  the  most  important  column  of  figures  in  this 
table  IS  the  result  of  the  total  nitrogen  as  obtained  by 
Kjeldal  s  process.  The  figures  are  extremely  striking 
in  fact,  It  may  reasonably  be  maintained  that  taking  the 
total  mtrogen  of  the  dried  residue  of  fresh  foeces  as 
being  5-50/^  by  weight,  the  amount  of  destructive  action 
that  has  gone  on  in  the  grit  chamber  may  be  represented 
by  the  difference  between  the  total  nitrogen  figure  of 
each  sample  and  5-5%.    It  will  be  observed  that  the 

alle  Th"';7"°'  Shamnagar 
san^ples.  The  difference  between  the  total  nitrogen  figures 
o  Hastings  samples  has  already  been  alluded  t'o  ;  figure 

extfaorSnaT'J  ""^^^  '""'^  'o  an 

Counted  f  "^  -  P'^-bably 

b  Sen  do  Jn  i  /     '        '''''  ^°"^P^^^  have  been 

-iwav  in  Th  the  ammonia  has  diffused 

away  m  the  current  of  water,  that  is  always  passing 
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through  the  grit  chamber.  Some  of  the  loss  may  be 
accounted  for  by  free  nitrogen  being  discharged  as  a  gas, 
but  there  is  no  evidence  that  this  is  the  case. 

The  figures  giving  the  amount  of  dissolved  oxygen 
taken  up  from  tap  water  are  extremely  important.  The 
24  hours'  figures  are  interesting  when  compared  with  those 
of  the  analysis  of  fresh  mixture.  It  will  be  observed 
that  fresh  f oeces  contains  certain  material,  which  will  seize 
dissolved  oxygen  in  water  with  extraordinary  rapidity. 
The  mixtures  of  the  grit  chamber  f oeces,  all  of  them, 
without  exception,  show  that  they  have  lost  this  great 
avidity  for  oxygen  to  a  considerable  extent,  and  that, 
although  the  four  hours'  oxygen  absorption  figure  from 
potassium  permanganate  is  in  some  cases  considerably 
increased,  the  amount  of  dissolved  oxygen  taken  from 
water  is  considerably  less  than  the  mixtures  made  with 
fresh  fceces.  The  24  and  48  hours'  oxygen  figures  give 
a  very  ready  method  of  showing  the  various  degrees  of 
avidity  for  oxygen.  The  very  old  samples  take  up  very 
much  less,  even  in  48  hours,  than  do  the  newer  ones. 

The  period  required  to  nitrify  a  mixture  of  the  sam- 
ples and  equal  quantities  of  tap  water,  shows  a  consid- 
erable difference  between  the  grit  chamber  samples 
and  the  fresh  foeces.  Apparently  the  reason  why  the 
Shamnagar  sample  takes  so  long  a  time  to  nitrify  is  that 
nearly  all  the  ammonia  has  diffused  away.  We  do  not 
propose  to  lay  any  very  great  stress  on  this  test,  because 
it  is  admittedly  of  a  rough-and-ready  character,  but 
there  is  no  getting  away  from  the  fact,  that,  these 
mixtures  of  grit  chamber  foeces  in  water  take  about  fifty 
per  cent,  less  time  to  nitrify  than  a  precisely  similar 
mixture  of  fresh  foeces.  _ 

Therefore,  in  conclusion,  we  consider  that  it  is  proved 
beyond  any  shadow  of  doubt,  that  during  the  stay  m  the 
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grit  chamber,  the  mass  of  foeces  is  broken  down,  it  loses 
a  large  proportion  of  its  nitrogen  in  the  shape  of  ammonia, 
that  it  loses  the  power  of  absorbing  dissolved  oxygen  from 
water  to  a  marked  degree,  and  finally  that  it  is  in  a 
fairly  suitable  condition  for  nitrification. 
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CHAPTER  V. 


THE  STUDY  OF  THE  CHEMICAL  ACTION 
IN  THE  TAKK.—{Conld.) 

BEFORE  leaving  the  subject  of  the  chemical  changes 
which  go  on  in  the  mass  of  foeces  in  the  grit 
chamber,  it  is  necessary  to  refer  to  another  series  of 
experiments,  that  were  started  with  the  intention  of 
further  increasing  our  knowledge  on  the  subject  of  the 
putrefaction  of  fresh  foeces. 

A  description  has  already  been  given  of  an  ordmary 
grit  chamber,  and  it  has  been  pointed  out  that  to  the 
naked  eye  it  appears  to  be  full  of  sohd  foeces.  It  was 
decided  that  it  was  desirable  to  study  what  changes 
took  place  in  any  mass  of  fresh  foeces  when  kept  for  a 
considerable  length  of  time,  whether  in  a  grit  chamber  or 
bottle.  Consequently  a  mixtiire  of  the  fcecal  discharges 
of  10  men  (without  urine)  were  stirred  into  a  homo- 
geneous mass ;  this  thick  mixture  was  placed  m  a 
bottle  and  allowed  to  remain  at  the  ordmary  room  tem- 
perature ;  analyses  were  made  weekly. 

In  the  first  series  Ai,  A2,  etc.,  care  was  not  taken 
to  exclude  flies  from  access  to  this  mass  ;  the  consequence 
was  that  in  a  very  few  days  the  material  became  full  of 
maggots  derived  from  flies'  eggs.  We  have  never  seen 
this  condition  in  a  grit  chamber,  for  speakmg  broadly, 
it  is  impossible  for  flies  to  enter  a  tank,  the  man-hole 
covers  fitting  tight. 
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Table  V  {a). 

WEEKLY  ANALYSIS  OF  FCECES  KEPT  INi  A  BOTTLE. 


3  MiNS.'  OXY.- 

VALHE, 

Before 
incu- 
bation. 

After 
incu- 
bation 

539 

692 

5-00 

6-47 

Date. 


Otigin. 


Percentage 
of  water  in 
the  original. 


17-1-10  I   A      I  8o*2i 


Chlorine. 


I '4 


24-1-10     A  II 


9-2-10 


A  III 


1"4 


1-6 


4  Hours'  Oxy.- 
value. 


4  Hour.s'  Oxygen- 
value  after  clari- 
fication 


I  2 '05 


I  2*00 


1415 


1  89 


•88 


Ni/ 


Nitrogen. 


Saline 
and 
free. 


•76 


577 


6-50 


Albu^ 
menoid 
Ammoiiiia. 


3'47 


3'34 


The  luelhod  of  analysis  is  the  same  as  in  Table  IV  (n),  viz.,  10  grams  of  en- 


Nitric 
and 
Nitrous. 


Nil 


Nil 


Nil 


Amount  of  dis- 
solved OXY.  LEFT. 


After  24 
hours. 


In  dilu. 
r  in  10 

Nil 
I  in  20 

•27 

I  in  10 

Nil 
1  in  20 
■44 


After  4S 
hours. 


I  in  20 

Nil 


I  in  20 
Nil 


Period 
required 
to  Nitrify. 


32  days 


29 


ulsion  were  added  to  i  litre  of  water. 


Remarks. 
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Table  V  {b). 

WEEKLY  ANALYSIS  OF  FCECES  KEPT  IN  A  BOlTTLE. 


Percent  age 
of  water  in 
the  original. 

4  Honrs 
Oxygen- 
value. 

^  1 1  uui 9           gci  1 

value  after  clari- 
fication. 

3  Minutes' 
oxy. -value. 

NitrogbI 

Amount    of  dis- 
solved Oxygen 

LEFT. 

Period 

Date. 

Origin. 

1 

Chlorine. 

i 

Coll  0  i  d 
Organic. 

Before 
incuba- 
tion 

After 
ncuba- 
tion. 

Saline 
and 
free. 

Albume- 
noid 
Ammonia. 

Nitric 

and 
Nitrous. 

After  24 
hours. 

After  48 
hours. 

required 
to  Nitrify. 



j 

I  in  10 

I  in  20 

2S-1110 

B 

I 

8o-2i 

1 

1-8 

i 

10-68 

I '64 

9-04 

A'  2  A 

44 

2  40 

Nil 

0  2 

I  in  20 

09 
I  in  10 

Nil 
I  in  10 

29  days 

3-2-10 

B 

2 

)> 

18 

l2-8l 

I  69 

1 1  I  2 

6*4  I 

6-'?o 

-87 

2-47 

»  ) 

Nil 
I  iti  10 

Nil 
I  in  50 

24 

10-2-10 

B 

1 

3 

1) 

1-6 

1326 

274 

10-52 

12? 

2-74 

1 

)  ) 

Nil 
I  ill  50 

■36 
I  in  50 

•29 
I  in  50 

26  „ 

16-2-10 

B 

4 

1 1 

1-6 

15-24 

3  20 

I  2-04 

604 

6'2  c; 

2'q6 

?  ) 

■32 
I  in  50 

01 
I  in  50 

27 

23-2-10 

B 

5 

I  4 

i5'7o 

3  ■4^1 

12'3 

6.50 

0  f  U 

I  60 

3  07 

1  ) 

"?i 
I  in  50 

Nil 

24  n 

2-3-10 

B 

6 

'• 

I  '2 

15-75 

4'io 

1 1-65 

6-50 

7  0° 

I  60 

J  1 

•29 
I  in  50 

22  „ 

10-3  10 

B 

7 

>' 

12 

1511 

3  43 

11-68 

650 

6-6o 

2 '3 1 

2-85 

)  ) 

■21 
I  in  50 

ij 

21  „ 

17-3-10 

B 

8 

») 

1*2 

'517 

3  " 

I  2-o6 

6  54 

6  84 

2'7  1 

3'i4 

)  ) 

■2  I 
I  in  50 

M 

21  „ 

24-3-10 

B 

9 

)' 

I  "4 

'5  49 

3-22 

I2'27 

6  32 

Nil 

2  83 

3  '3 

)  ) 

•22 
1  in  50 

JJ 

20  ,, 

3I-3-IO 

B 

10 

!  ''4 

i5'94 

358 

12  36 

Ni/ 

»i 

2-95 

3.01 

)» 

■15 
I  in  50 

)) 

0  I 

6-4-10 

B 

1 1 

i'4 

15  13 

3-83 

11-30 

654 

7-00 

2-95 

309 

)) 

-09 
I  in  50 

n 

21  „ 

1 4-4- 10 

B 

12 

»l 
»» 

14 

15-18 

399 

1119 

633 

6  86 

2-95 

3'3 

1) 

Nil 
I  ill  50 

)» 

19 

20-4-IC 
28-4-10 

5-5-10 

B 
B 
B 

>3 
14 
'5 

H 

I '4 

14 
14 

i5'30 

15  93 
1580 

3-90 

4  06 

393 

1  1  -40 
I, -87 
I  I-I57 

6-  66 
7,6 

7-  10 

7-00 
710 
7-20 

308 
3-20 
346 

323 
2-92 
291 

»1 
•  1 

'1  " 

Nil 

n 
n 

)i 
>» 
J) 

19  » 

20  „ 
20  ,, 

I 
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Analyses  were,  however,  made  on  the  three  consecu- 
tive weeks  ;  the  results  are  given  in  Table  V  (a).  After 
this  time  it  became  impossible  to  take  samples  for 
analysis,  on  account  of  the  number  of  maggots,  and  as 
this  condition  of  affairs  was  different  from  normal,  there 
did  not  appear  to  be  any  object  in  continuing  the 
work  on  this  mixture.    A  second  series  Bi,  B2,  etc.,  were 
made  on  exactly  the  same  lines,  this  time  care  being 
taken  to  exclude  flies  from  the  vessel.    The  figures 
obtained  from  weekly  analyses  are  given  in  Table  V  (b) 
and  they  give    much  valuable  information.     In  the 
figures  given  opposite,  the  following  points  should  be 
observed  : — 

(a)  The  steady  rise  from  week  to  week  in  the 
amount  of  oxygen  absorbed  in  4  hours  from 
potassium  permanganate.    Apparently  the 
increase  in  these  figures  takes  place  during 
the  first  3  or  4  weeks  ;  after  that  they 
appear  to  be  stationary.    The  probable  ex- 
planation of  this  fact  is,  that,  certain  bodies 
m  a  fresh  state  do  not  take  up  oxygen  from 
potassium  permanganate,  but  the  products 
of  the  putrefaction  of  these  bodies  do 

'TT"^  ""^^"^^  ^°l^mn  shows 

that  the  colloid  material  in  this  mixture 
remains  practically  stationary,  and  that 
the  increase  in  the  4  hours'  oxygen  figures 
IS  due  to  crystalloid  oxidisable  material 
and  not  to  colloids.  This  is  not  always 
the  case  ;  some  other  results  show  an  in 

(c)  Th^T  Table  IV  (a)  ) 

ic)  The  ordinary  incubator  test  figures  seem  to  be 
somewhat  erratic,  but,  on  the  whole  it 
would    appear    that    there  is  a  distinct 
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falling-off  in  putrescible  matter.  We^ 
however,  make  this  statement  with 
very  great  reserve  because  the  results 
obtained  with  this  test  are  always  very 
variable. 

id)  Coming  to  the  nitrogen  figures,  we  find,  as  one 
would  expect,  a  steady,  but  somewhat  slow, 
increase  in  the  saline   ammonia  ;  but  it 
is  extraordinary  that    a  similar  increase 
in  the  amount  oi   albumenoid  ammonia 
is    also    observed.    The   increase  in  the 
saline  ammonia  must   be  at  the  expense 
of  albumenoid  ammonia,  and  yet,  even 
making  allowances  for  this,  the  albumenoid 
figure  is  higher  at  the  end  of  lo  weeks 
than  it  was  at  the  commencement.  The 
explanation  of  this  fact  is  not  by  any 
means  apparent,  but  it  would  appear,  that, 
owing    to  putrefactive  changes,  some  of 
the  nitrogen  that  would  in  the  fresh  state 
be  classed  as   "residual  nitrogen,"  now 
comes  over  in  the  distillation  with  alkaline 
potassium  permanganate, 
(e)  The  amount  of   oxygen  absorbed  from  tap 
water  in  24  to  48  hours  is  given,  and  it  will 
be  observed  that  the  amount  remaining 
steadily  decreases ;  that  is  to  say,  as  putre- 
faction goes  on,  the  avidity  for  oxygen 
is  also  increased. 
Further  work  on  this  subject  is  in  hand. 
Hence,  from  the  above  analysis  it  is  distinctly  shown 
that  during  the  first  10  weeks  in  the  process  of  putre- 
faction, the  4  hours'  oxygen  figure,  saline  ammoma 
fi.nire,  and  the  power  of  absorbing  oxygen  dissolved  m 
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water  steadily  increases  due  to  the  breaking  down  of  the 
various  constituents  of  the  foeces. 

Unfortunately  it  cannot  reasonably  be  claimed,  that 
foeces  stoppered  up  in  a  Winchester  quart  bottle,  are 
under  precisely  similar  conditions  to  those  in  the  grit 
chamber,  for,  in  the  latter  case,  a  constant  stream  of 
water  is  passing  through  and  around  the  mass.    This  is 
fairly  certain  to  modify  the  results  of  analysis  even  if  it 
does  not  alter  the  process  of  putrefaction,  for  diffusible 
salts,  such  as  free  ammonia,  will  probably  be  slowly 
removed.    But  a  glance  at  Table  IV  {a)  shows  that  the 
putrefactive  changes  that  go  on,  both  in  the  bottles  and 
the  grit  chambers,  are  not  essentially  different.    Thus,  in 
both  series  the  4  hours'  oxygen  figure  is  usually  higher 
in  old  samples  than  in  the  fresh  mixture.    The  saline 
ammonia  figure  also  shows  a  very  considerable  increase, 
but  It  cannot  be  said  that  the  albumenoid  ammonia 
figures    show   a   similar  increase  in   the  grit  chamber 
samples;  on  the  whole,  a  reduction  is  noticed. 

Another  instance  of  apparently  contradictory 
results  is  seen  in  the  amount  of  colloid  material  in  the 
grit  chamber  foeces  as  compared  with  the  samples  of 
the  emulsions  in  the  bottles.  From  the  figures  given 
in  Table  IV  (a)  it  appears  that  there  is  a  distinct  indi- 
cation that  the  actual  amount  of  colloid  material  in 
the  grit  chamber  foeces  is  sometimes  increased,  whereas 
results  obtained  from  the  emulsion  in  the  bottles  show 
that  there  is  httle  or  no  increase.  The  explanation 
of  this  fact  has  already  been  suggested,  but  much 
more  work  is  required  before  it  can  be  considered 
proved. 

The  more  of  these  discrepant  results  we  obtain,  the 
more  one  feels  justified  m  stating  that  the  action  known 
as  putrefaction  is  very  complex  and  varied ;  in  some 
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samples  one  action  preponderates  and  in  others  some- 
thing entirely  different  is  observed.  It  has  been  proved 
{vide  Appendix  to  the  Madras  King  Institute's  Report  for 
1909),  that  extraordinary  variation  in  the  bacteriological 
flora  of  foeces  exists  at  different  times  of  the  year. 
Therefore  it  is  not  to  be  wondered  at  that  apparently 
contradictory  results  are  met  with,  in  such  a  large  subject 
as  the  putrefactive  changes  which  go  on  in  foeces. 
Although  these  figures  open  up  a  very  wide  field  of 
speculation,  they  do  not  in  any  way  alter  our  original 
conclusion  ;  indeed,  they  tend  to  confirm  it,  viz.,  that 
while  the  foeces  remain  in  the  grit  chamber,  a  very  large 
amount  of  breaking  down  action  is  taking  place,  all  of 
which  is  in  the  direction  we  desire. 

Before  finally  closing  this  subject,  the  figures  obtained 
in  emulsion  Ai,  A2,  etc.,  Table  V  (a),  should  be  compared 
with  those  of  Bi,  B2,  etc.,  Table  V  (&).  It  will  be 
remembered  that  Ai  contained  thousands  of  maggots, 
and,  as  a  result,  the  process  of  breaking  down  seems  to  be 
extraordinarily  rapid,  vide  the  saUne  ammonia  figures  ; 
after  only  one  week  there  is  a  rise  from  76  to  577; 
presumably  the  maggots  fed  on  some  substance  in  the 
fceces  and  excreted  a  solid  more  or  less  aUied  to  urea. 
This  affords  chemical  proof  that  animal  life,  much  higher 
in  the  scale  than  bacteria,  can,  under  certain  conditions, 
assist  in  the  action  that  we  are  endeavouring  to  bring 

about.  J  .Li  4. 

In  the  preceding  chapter  we  have  proved  that  a 
considerable  proportion  of  the  total  breaking  down  action 
goes  on  in  the  grit  chamber.  We  will  now  discuss  he 
amount  and  the  kind  of  action  which  takes  place  m  the 
tank  proper.  In  order  to  study  this  point,  samples  were 
collected  from  the  sewage  as  it  entered  the  tank  proper 
that  is,  at  the  point  A  in  the  diagram,  and  compared 
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Table  V  (<r). 

ANALYSES  OF  SAMPLES  TAKEN  FROM  INLET   AND  OUTLET  OF  SHAMNAGAR  TANKS. 


Date. 

Origin. 

Chlorine. 

4  Hours' 
Oxygen- 
value. 

4  Hours  Oxy- 
gen- value  after 
clarification. 

Colloid 
Ortranip 

3  Minutes'  Oxygen- 
value. 

Nitrogen. 

Amount  of  dissolved 

Oxy.  LEFT,  DILOTION  I 
in  10  WITH  TAP  WATER. 

Remarks. 

Before 
incubation. 

After 
incubation. 

Sa; 
ar 
fr 

ine 
d 

ee. 

Albu- 
inenoid 
Ammonia. 

Nitric 
and 
Nitrous. 

After  24 
hours. 

After  48 
hours. 

7-12-09 

Discharge  pipe 

Tank 

I 

40 

331 

182 

I  49 



1  "06 

I'2I 

5 

■77 

•60 

Nil 

•34 

■24 

7-12-09 

Grit  Chamber 

»» 

I 

3-8 

4  17 

2'67 

I '50 

113 

'■35 

5 

■20 

•70 

») 

•31 

•22 

7-12-09 

Discharge  pipe 

1 } 

II 

3-6 

3-22 

1-91 

i'3i 

I  '06 

I  21 

2 

■77 

•67 

)) 

■32 

■19 

7-12-09 

Grit  Chamber 

M 

II 

3'6 

369 

2 -08 

101 

I'28 

i'43 

2 

■'S 

•72 

)» 

•29 

"I  I 

14-12-09 

Discharge  pipe 

)» 

I 

4  0 

324 

1*67 

1-57 

113 

119 

#85 

•64 

♦J 

•32 

•19 

14-12-09 

Grit  Chamber 

J» 

I 

40 

4-09 

219 

190 

i'73 

203 

^■38 

•72 

)1 

•29 

•09 

14-12-09 

Discharge  pipe 

)) 

II 

38 

3"I4 

1-67 

1-47 

•96 

I-I9 

307 

•56 

}) 

■32 

"2  2 

14-12-09 

Grit  Chamber 

)  t 

II 

3-8 

4-29 

a -47 

182 

1-67 

191 

2 

■77 

■85 

•26 

Nil 

21-12-09 

Discharge  pipe 

)l 

I 

4-0 

370 

I  70 

2  GO 

I '09 

I  33 

400 

•66 

») 

■33 

■19 

21-12-09 

Grit  Chamber 

n 

I 

3-8 

440 

2 '40 

2  "00 

i'57 

i'69 

•38 

•83 

■1 

■31 

■05 

21-12-09 

Discharge  pipe 

)) 

II 

3-6 

3'50 

I '5° 

2  "00 

■97 

I  "33 

•38 

•64 

i» 

■34 

*  2 1 

21-12-09 

Grit  Chamber 

)) 

11 

3-8 

4'20 

2-50 

I'7o 

I '45 

I  69 

■77 

•88 

I) 

■31 

■05 

3-1-10 

Discharge  pipe 

») 

I 

3  ° 

I  '  1  2 

I'QQ 

1  "40 

1-50 

i 

■93 

•67 

•29 

"lO 

3-1-10 

Grit  Chamber 

) ) 

I 

3 

4   1  1 

I  '62 

2  'AO 

I  '46 

160 

^■77 

•80 

ji 

•16 

Nil 

3-1-10 

Discharge  pipe 

>i 

II 

4-0 

3'37 

i'S5 

1-82 

1-59 

I  70 

j-o8 

i 

•63 

)i 

■34 

■  1 2 

3-1-10 

Grit  Chamber 

)t 

II 

4-0 

4"oo 

I  00 

2-32 

r78 

r8o 

f77 

•76 

)> 

•19 

Nil 

Average  of  Grit  Chamber  sample 

382 

4-12 

2-20 

1-9 

I  50 

1-69 

3:52 

•78 

)) 

•26 

065 

n 

Discharge  pipe 

>) 

3-85 

336 

1-65 

171 

1  15 

1  33 

410 

•63 

32 

18 

Percentag 

e  of  purification 

18-8% 

19-2% 

Estimated  strength  of  sewage  entering  these  latrine  (about  71^ 
gallons  per  user) 

Average  of  Discharge  pipe  effluent  ... 

Total  percentage  of  purification 


Chlorine. 
4 

3-85 


4  Hours'  Oxygen-value. 
16 
3'36 
79% 

of  which  74'25%  is  accomplished  in  Grit 
Chamber  and  4'7S%  tank, 


Albumenoid  Ammonia. 

45 
■63 

86% 

of  which  82  66%  is  accomplisl  cd  in  Grit 
Chamber  and  3-33%  in  tank. 
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with  samples  taken  from  the  discharge  pipe,  at  the 
point  B. 


The  tank  at  Shamnagar  was  selected  for  the  study  of 
this  point  ;  it  is  at  least  8  years  old,  it  is  worked  with 
very  great  regularity,  the  flushes  are  kept  in  good 
order,  and  a  careful  record  of  the  number  of  users  per 
diem  is  also  maintained.  Table  V  (c)  gives  the  result  of 
these  analyses  in  pairs  ;  what  are  here  described  as  "  grit 
chamber  "  and  "  discharge  pipe  samples  "  were  taken 
at  the  same  time  on  all  occasions. 

It  will  be  observed  that  the  results  are  wonderfully 
even,  so  that  it  will  not  be  necessary  to  comment  on 
any  particular  pair ;  our  remark  can  be  confined  to  the 
averages  given  at  the  bottom  of  the  table.  By  far  the 
most  striking  point,  which  is  to  be  noticed  in  these 
figures,  is  the  extraordinary  small  difference  between  the 
mlet  and  the  outlet  samples ;  that  is  to  say,  that  the 
amount  of  action  which  has  gone  on  in  the  tank  is 
apparently  very  small.  The  percentage  of  purification 
between  samples  taken  at  A  and  B  is,  on  the  4  hours' 
oxygen  figure,  only  i8-5.%,  and  that  calculated  on  the 
albumenoid   ammonia    figure   is  19-2%.     But  if  we 
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we'find'  ^V'^.P"*-"""  of  the  whole  installation, 
earned  out  m  the  tank  itself  is  almost  negligible    It  is 
■  carr  d  out  in  e"'?  P""''"^ 

™  -r  th"e  iro^-^rr"  ■^'^'^^ 

In  order  to  estimate  the  original  strength  of  the  sew- 
ageas  .t  entered  the  grit  chamber,  the  numler  of  users  plr 
diem  was  carefully  counted  by  a  self-recording  turnstUe, 
and  the  quantity  of  effluent  was  also  gauged  during  2^ 
hours.    By  dividing  the  former  into  the  latter,  it  was 
shown  that  the  actual  dilution  was  one  user  to  about  7 
gallons  of  water.    (The  tank  was  designed  to  give  a  5. 
gaUon  sewage,  but  it  is  provided  with  mechanical  ilushes; 
these  introduce  an  element  of  uncertainty,  such  factors 
as  the  children  in  the  mill  playing  with  the  mechanism 
have  to  be  reckoned  with,  so  that  in  this  instance,  several 
gaugmgs  showed  the  actual  strength  of  the  sewage  to 
be  approximately  7  gallons  per  user.)    The  analysis  of 
7-gallon  sewage  thoroughly  well  mixed  would  be— 

Crude  Sewage  Sewage  Final  Effluent 

at  A.  at  B. 

Chlorine  ...    4  3.5  3.3 

4  Hrs.' Oxygen  ...  16  4  12  3  36 

Albumenoid  ammonia...    4  5  -78  -63 

Consequently  the  total  purification  from  the  inlet 
to  outlet  is  79%  on  the  4  hours'  oxygen  and  86%  on 
the  albumenoid  ammonia  figures.  This  is  a  distinctly 
satisfactory  result.  But  as  we  are  in  possession  of  the 
average  analysis  of  the  mixture  as  it  enters  the  tank 
proper,  that  is,  at  the  point  A  (the  figures  being  chlorine 
3-82,  4  hours'  oxygen  4-12,  albumenoid  ammonia  78), 
it  is  a  simple  matter  to  calculate  out  what  proportion  of 


Date. 


Origin. 


Average  of  Grit  Chamber 

samples 
Average   of  Discharge 

pipe  samples 
Percentage    of  purifica- 
tion on  4  Hours'  Oxygen 
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Table  V  {d). 

ANALYSES  OF  SAMPLES  TAKEN  FROM  INLET  AND  OUTLET  6f  TANKS 


Chlorine. 


24-3-10 

Kanchrapara  Tank 
Gn't  Chamber 

I 

5"o 

24-3-10 

Kanchrapara  Tank 
Discharge  pipe 

I 

5-0 

24-3-10 

Kanchrapara  Tank 
Grit  Chamber 

11 

52 

24  3-10 

Kanchrapara  Tank 
Discharge  pipe 

II 

5  2 

29-3-10 

Standard  Mill  Tank 
Grit  Chamber 

I 

60 

29-3-10 

Standard  Mill  Tank 
Dischatge  pipe 

1 

60 

31-3-10 

Clive  Jute  Mill 

Grit  Chamber 

*  44'4 
44  0 

31-3-10 

Clive  Jute  Mill 
Discharge  pipe 

8-4-10 

Standard  Mill  Tank 
Grit  Chamber 

I 

62 

8-4-10 

Standard  Mill  Tank 
Discharge  pipe 

I 

6  2 

1 2-4-10 

Clive  Jute  Mill 

Grit  Chamber 

*  45"2 
45'2 

1  2  4-IC 

Clive  Jute  Mill 
Discharge  pipe 

6-0 
60 


4  Hours' 
Oxy. -value. 


4  Hours  Oxygen- 
value  after  clari- 
ficAtion, 


5  71 

4-  17 
1116 

5  03 
io'84 
42  r 
8-o8 

5-  6i 
10  81 

4-48 
8-8r 

3'74 

8*29 

454 
50  8% 


Colloid 
Organic. 


269 

1-  84 
2  82 

2  08 

2-  31 

1  89 

3  15 

2  47 

3-  15 
1  69 

3  33 
,78 

2'9I 

1*96 


3  02 
233 
8-3  + 

2  95 

853 
2-32 

4*93 
3''4 
7-66 
2  79 

5-48 
I  96 

6  32 
2  58 


Saline 
and 
free. 


8  67 

9  45 
8 -00 
867 
8  CO 
8-67 
425 
6-15 
7  38 
7  69 

5  77 
■631 

7*01 
7-82 


Percentage  of  purification 
on  albumenoid  ammonia 


Nitrogen, 


Albu- 
menoid 
Ammonia. 


Nitric 
and 
Nitrous. 


Amount  of  dissolved 
oxvgiin  left,  dilution 
i  in  10  with  tap  water. 


After  24 
hours. 


r  00 
■57 

'■'5 

•62 

J  23 
•55 

I  '02 

■66 

'■15 
•50 

■92 

•65 

i'o6 

•59 
44-3% 


Nil 


Nil 


Chlorine. 


Estimated  strength  of  sewage  entering  these 

latrines  (about  6  gallons  per  user) 
Average  of  discharge  pipe  ... 

Total  percentage  of  purification 


4  Hours'  Oxygen- 
value. 


Nil 

■15 

lYll 

■14 

07 
•28 

Nil 

■07 
•29 
Nil 
)» 

•02 
•14 


After  48 
hours. 


Nil 


Nil 


6  24 

6  454 

81% 

of  which  61%  is  accom- 
plished in  Grrit  Cham- 
ber and  20%  in  tank;. 

•  Due  to  presence  of  sea  water  in  the  river. 


Remarks. 


Saline  &  free  Albumenoid 
Ammonia.  Ammonia. 

20  5-2 

7-82  -59 
88% 

of  which  80%  is  accom- 
plished in  Grit  Cham- 
ber and  8%  in  tank. 
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the  total  purification  is  carried  out  in  the  tank.  In  this 
case  only  475%>  out  of  79%  total  purification  on  the 
4  hours'  oxygen  figure,  and  3-3%  out  of  86%  on  the 
albumenoid  ammonia  figure  is  brought  about  in  the  tank. 
The  remainder  must  obviously  have  occurred  in  the 
grit  chamber.  These  figures  are  extremely  interesting 
and  still  further  demonstrate  the  efficiency  and  the  extent 
of  the  action  in  the  grit  chamber.  The  total  nitrogen 
figures,  in  the  sludge,  by  weight  of  dry  residue,  are  inlet 
275%,  outlet  2-00%. 

Analysis  of  the  grit  chamber  faeces,  obtained  from  the 
Shamnagar  installation,  show  that  it  is  somewhat  differ- 
ent from  others,  and  cannot  be  taken  as  a  type  on 
account  of  the  peculiar  conditions  in  the  grit  chamber, 
brought  about  by  the  presence  of  jute  fibre ;  consequently 
similar  analyses  were  carried  out  in  3  or  4  other 
mstallations  of  identicaUy  the  same  design  in 
which  there  was  no  jute.  Table  V  {d)  gives  the  results 
of  these  analyses.  They  agree  to  a  very  large  extent 
with  the  results  obtained  at  Shamnagar,  but  it  will 
be  observed  that  m  these  instances  the  amount  of 
purification  in  the  tank  proper  is  distinctly  higher 
than  that  in  the  Shamnagar  tank,  the  sewage  coming 
mto  the  tank  being  distinctly  stronger.  These  figures 
should  be  carefully  compared  with  those  in  Table  No. 
V  (c).  This  second  series  probably  more  nearly  represents 

terinTtl  Tl  k'-^'"^""'  ''''  '"''^^''^  the'sew'age  en- 
mental  sewage  parttally  mixed.  The  very  hirfi  sdme 
ammonia  figure  in  these  samples  should  be  observed  tlfis 

rg:i;te  t  ^^^'-^  —aadded  to tt's':. 

age  in  the  grit  chamber  from  the  breaking  up   of  the 
masses  of  feces.    The    percentage   purification  figm^ 
given  at  the  foot  of  the  table  are  important,  and 
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should  be  observed  that  in  these  the  tank  itself  is 
doing  a  larger  share  of  the  work  than  was  the  case  at 
Shamnagar. 

One  point,  however,  is  extremely  well  demonstrated, 
namely,  that  the  less  action  there  is  in  the  grit  chamber, 
the  more  is  done  in  the  tank.  This,  after  all,  seems  a 
natural  proposition,  for  if  70%  of  the  easily  broken  down 
material  is  acted  on  in  the  grit  chamber,  it  stands  to 
reason  that  the  remaining  30%,  which  have  resisted  the 
action  for  weeks  and  possibly  months,  may  not  change 
very  readily  in  the  tank,  though  the  action  may  be  of  a 
different  nature. 

We  do  not  maintain,  •  that,  if  a  homogeneous  sew- 
age of  the  same  dilution  was  introduced  into  this 
design  of  tank,  the  same  quality  of  effluent  would  be 
obtained  ;  there  would  probably  be  some  falling-off,  by 
the  elimination  of  the  grit  chamber  action,  but  the 
study  we  have  made  on  many  installations,  seems  to 
show  that  the  total  purification,  from  start  to  finish,  does 
not  vary  very  much  in  different  installations,  although 
the  amount  of  purification  carried  out  by  the  tank  proper 
and  the  grit  chamber  respectively  may  vary  within  cer- 
tain limits. 

There  is  one  practical  point  which  arises  from  this 
subject,  namely,  that  for  ordinary  practice,  when  deahng 
with  fresh  sewage,  if  you  design  a  grit  chamber  properly, 
there  seems  to  be  much  less  necessity  for  a  large  tank 
capacity,  as  a  very  large  amount  of  purification  would 
result  even  if  the  tank  were  absent.  This,  however, 
is  hardly  to  be  seriously  put  forward,  for  one  never  can 
be  quite  sure,  what  proportion  of  the  total  foeces  of  a 
community  are  sohd,  and  it  is  quite  possible  that  some 
accidental  circumstance,  such  as  the  mango  season,  or 
taking  into  use  the  new  season's  rice,  might  alter  the 
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general  character  of  the  sewage  considerably.  We  have 
already  shown  that  the  tank  is  of  a  sort  of  second  line 
of  defence;  if  much  unaltered  organic  matter  escapes 
the  action  in  the  grit  chamber,  it  is  dealt  with  in  tlie 
tank. 


CHAPTER  VI 


THE  OPTIMUM  REST  IN  THE  TANK. 

TN  Chapter  III  we  made  a  statement  that  as  the 
result   of    experiments   a    3   days'    rest  in  the 
tank   for  a  5-gallon    sewage   had    given   very  satis- 
factory results.     We  will   now   discuss    the  evidence 
on    which    this   statement  is  based.    In  the  summer 
of    1906,    a    very    interesting    series  of  experiments 
was   commenced  by  Dr.    Fowler  on  the   action  ob- 
served   in     small    model    septic   tanks,    making  use 
of    a  Winchester   quarter    bottle  as  the  tank.  Two 
such  models  were  started  up.    To  these   a  measured 
quantity  of  the  experimental  sewage  manufactured  at 
the  Entally  Depot  was  added  daily,  the  effluent  that 
came  over  being   analysed  from  time  to  time.    In  this 
particular  experiment  one  bottle  was  inoculated  with  a 
sludge  from   a  septic  tank  latrine  and  the  other  was 
not.    The  early  analyses  demonstrated  the  fact  that  the 
bottle  that  had  been  inoculated  gave  a  superior  effluent 
to  the  one  that  had  not  been  so  prepared,  the  effluent 
from  this   latter   being    distinctly    more  offensive  m 
odour  than  that  from  the  inoculated  tank ;    as  time 
went  on,  however,  the  quality   of  the  two  effluents 
became    very  similar.     The    following    table  gives 
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the  results  of  this  experiment  with  a  lo-gallon 
sewage  : — 

TABLE  VI  (a). 


Date. 


26-3-06 
28-3-06 
29  3-06 
30-3-06 
32-3-06 
2-4-06 
3.4.06 

4  4  06 

5  4  C6 

6-  4-06 

7-  4-06 
9-4-06 

ic-4-06 


Chic 


Tank  I. 


Average 


6-6 
6-4 
6-6 
6-0 

5-  6 

6-  0 

5  "3 
6-0 
0-6 


Tank  11. 


4  Hours' 
Oxygen  Value. 


Tank  r. 


'61 


6-4 
6-4 
6-4 

5-8 

5-  8 

6-  0 

5-  8 

6-  0 
6-4 


•48 
(?) 
3"i9 

2-  87 

379 

3-  ^9 
3  "64 
3 '24 

2-  89 

3-  ir 
2-13 
2-51 
3'0  4 


61 


3  07 


Tank  11. 
(inoculated). 


I '09 

f65 
2-44 
2 '07 

3*27 

2-  82 

3-  83 

3 '20 

3  77 
2-48 

173 
2-33 
3*24 


2  96 


was    4  pts. 


*  This  chlorine  figure  in  the  water  used  for  dilution 
per  100,000.  'uuuij 

Shortly  after  this  the  strength  of  the  sewage  was 
doubled.  Experiments  on  these  tanks  were  continued  for 
somethmg  hke  three  months,  two  small  percolating  filters 
being  added.  A  careful  scrutiny  of  the  result  obtained 
after  the  alteration  of  the  strength  of  the  sewage  has  led 
one  to  beheve,  that,  the  experimental  sewage  at  this  time 
was  not  made  according  to  the  orders  laid  down,  hence 
It  IS  not  considered  desirable  to  give  in  detail  these 
results,  nor  to  base  any  important  conclusions  upon 
hem,  as  there  is  strong  suspicion  that  the  conditions 
under  which  the  experiments  were  carried  out  were  not 
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always  uniform.  Owing  to  an  accident  these  little 
models  were  spoilt  just  when  they  were  giving  excel- 
lent results  and  it  became  necessary  to  begin  afresh. 
Consequently  it  was  decided  to  extend  the  scope  of 
the  experiment  somewhat  and  to  slightly  modify  the 
arrangements  ;  thus,  instead  of  using  Winchester 
quart  bottles,  four  large  car-boys  were  procured  each 


holding  exactly  3  Winchester  quarts  a-piece.  These 
were  fitted  up  as  regards  inlet  and  outlet  pipes  m 
exactly  the  same  way  as  Dr.  Fowler's  models,  vide  the 
Fie  VI  [CL)  ■  all  were  inoculated  with  septic  tank  sludge 
from  a  working  installation,  and  a  varying  quantity  of 
the  same  sewage  was  admitted  to  each  bottle.  The 
bottles  were  labehed  tank  I,  tank  II,  tank  III,  etc.  Into 
tank  I  one  Winchester  quart  of  crude  sewage  per  diem 
was  allowed  to  run  very  slowly  ;  into  tank  II  a  bottle 
Tnd  a  half  was  admitted  ;  into  tank  III  two  bottles  and 
fnto  tank  IV  three  bottles.    Consequently  it  will  be 
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observed  that  the  period,  during  which  the  sewage 
remained  in  the  tanks  in  each  case,  was — 

In  tank    I       3  days, 
II  2 

,,    III  36  hours,  and 
»          IV       a  day  or  24  hours. 

The  object  of  the  research  was  primarily  to  find  out 
what  was  the  optimum  rest  in  the  tank,  for  the  sewage 
chosen,  or  in  other  words,  which  of  these  various  tanks 
gave  the  best  effluent.  The  experiment  was  commenced 
in  October  igo6. 

At  the  same  time  as  the  tanks  were  started  up  two 
small  contact  beds  were  constructed,  as  it  seemed  desir- 
ble  to  nitrify  the  various  effluents  and  to  ascertain  if  any 
difficulty  m  carrying  out  this  process  would  be  met  with 
Accordingly  two  zinc  buckets    were  taken,  ordinary 
half  inch  taps  were  soldered  in  the  bottom  so  as  to  permit 
of  draining  away  the  effluent  after  contact.    Each  con 
tamed  about  -6  of  a  cubic  foot  of  material.    At  the  bot 
tom  of  the  buckets  about  2  inches  of  coarse  material  were 
placed  o  facihtate  draining,  the  particles  being  between 
one  and  two  inches  in  size  ;  but  the  bulk  of  the  material 
used  was  very  fine  ;  it  would  pass  ^th  of  an  inch  mesh 
but  all  that  passed  i-i6th  of  an  inch  was  rejected.  Both 
pnmary  and  secondary  tanks  (contact  bed  I  and  contact 
bed  II)   were  filled  up  with   the  same  material.  The 
method  of  working  was  as  follows 

A  mixture  of  the  effluents  from  tanks  I,  II,  m  and 
IV  were  put  on  to  contact  bed  No.  I  at  10  a.m  •  at  2 

lnoZ\Tr'r  T  ''''         contents  w  r 

allowed  to  run  direct  to  the  contact  bed  No.  II  The 

effluent  was  allowed  to  remain  in  contact  bed  No.'  II  for 
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a  period  of  4  hours  and  was  then  allowed  to  flow  away. 
Consequently  the  effluent  had  two  periods  of  4  hours' 
contact  in  each  little  bed,  the  material  having  20  hours 
to  aerate  and  recover.  The  total  fluid  capacity  of  each 
bed  was  about  1,400  c.c,  or  1-4  litres. 

The  average  results  of  the  daily  analysis  of  these 
tanks  for  October,  November,  December  1906  were  as 
follows  : — 


TABLE  VI  (d) 


4  Hours' 

Nitrogen. 

Origin. 

Chlorine. 

Oxygen 
value. 

Saline 
and  free. 

Albumenoid 
Ammonia. 

Crude  Sewage* 
Tanlt  I 

„  n   

in  ... 

IV  ... 

*8-9 

8-5 
77 
7"3 
8-4 

26*64 

8-  39 

9-  07 

I(i'26 

10 '80 

2-30 
7-29 
6"42 

.S"94 
5-68 

5  94 
•95 
ri2 

1-24 

1-48 

*  At  this  time  Ihe  water  used  for  making  the  crude  sewage  contained 
4  pts.  per  100,000  of  chlorine. 


In  November  1906  I  proceeded  on  furlough  and  sub- 
sequently took  up  an  appointment  in  Madras,  returning 
to  Bengal  only  in  August  1909.  It  was  gratifying  to 
find  that  during  the  whole  of  this  time,  a  period  of 
nearly  3  years,  these  model  septic  tanks  and  contact 
beds  had  been  worked  on  the  lines  laid  down  at  the  com- 
mencement, without,  as  far  as  I  can  ascertain,  a  day's 
intermission.  Consequently,  sufficient  time  having 
elapsed  for  the  models  to  thoroughly  ripen,  the  results 
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of  investigations  on  the  various  effluents  may  be  looked 
upon  as  those  likely  to  be  obtained  from  any  septic  tank 
installation,  that  is  steadily  and  regularly  worked,  for 
a  long  period  of  time,  with  a  similar  sewage,  with  the 
proviso  that  these  to  be  discussed  were  obtained  from 
small  laboratory  models. 

In  the  early  part  of  Chapter  IV,  when  discussing 
the  subject  of  the  quality  and  the  strength  of  the  sewage 
admitted  to  the  usual  septic  tank,  a  reference  was  made 
to  what  appears  to  be  an  error  on  the  part  of  our  labora- 
tory staff  in  the  manufacture  of  the  crude  sewage  used 
for  experimental  purposes.    Only  after  a  very  consider- 
able number  of  analyses  had  been   completed  in  this 
investigation,  was  it  discovered,  that,  the  crude  sewage 
of  1909  was  of  very  different  strength  to  that  used  in 
1906.    The  explanation  has  already  been  given,  namely 
that  our  sweeper  staff  had,  in  the  course  of  many 
months,  gradually  become  negligent  in   the  way  in 
which  the  hard  masses  of  foeces  were  broken  up  Hence 
the  crude  sewage  utilised  for  the  following  work  cannot 
be  called  a  true  5-gallon  sewage.     It  is  a  =;-ffallon 
sewage  minus  the  hard  masses  ;  but  as  the  error  in 
manufacturmg  is  exactly  what  would  take  place  in  an 
ordinary  latrine,  the  results  obtamed  are  of  considerable 
practical  value. 

A  preliminary  set  of  investigations  were  undertaken, 

Txid  sir'  ""^P^^  '^^'^  the  amount  o 

ox  disable  matter  as  shown  by  the  oxygen  absorption  in 

itrandThe'S  perr^angan- 
ate  and  he  chlorme  estimation.    Table  No.  VI  (c)  dves 

ot  4  tanks  and  the  two  contact  beds. 

is  the  ef^!ientT^'^°^'  "^^^^^d  ^^^^^t  (that 

ts,  the  effluent  of  contact  beds  I  and  II)  were  done  with 
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the  use  of  urea  in  order  to  eliminate  the  nitrites  from  the 
estimation.  The  average  figures  given  from  20  com- 
parative estimations  show  that  of  the  4  tanks,  tank  No. 
I  is  decidedly  the  best,  and  it  gives  about  75  per  cent, 
of  purification  calculated  on  the  4  hours'  oxygen  figure 
of  the  crude  sewage  ;  this  is  a  distinctly  good  result. 
Tank  No.  IV  gives  the  worst  result.  Contact  beds  Nos. 
I  and  II  were  fed  with  a  mixture  of  all  the  four  effluents 
and  show  a  very  considerable  purification.  The  chlorine 
figures  are  used  simply  as  checks  ;  they  do  not  vary  in 
any  of  the  effluents.  Further  remark  need  not  be 
made  on  these  results  as  the  subsequent  more  detailed 
analyses  are  of  greater  importance. 


Table  VI  {d). 
Enially  Crude  Seiva^e. 


28lh    Sept.  igog 

30th 
2nd  Oct. 
4th 


Average 


68 


3GE.N. 

•|B3BIU0UIIUV 

piouaiunqiv 

o 

oD  : 

o 

w      O  CO 

;  o   ;  >p   :  p  : 

:  day 

iK  IV, 

K 
t- 

•IBOEIUOIUUIV 

aaj£  pun  auiiBS 

i  ■ 

o 
p 

0       M  0 

:  m  :      :  «  : 

'  \D    ■        *  lO  ' 

lO 
t» 

o  s 
_^  o 

CC  -f 

< 

i  ■ 

.00   .  p  ;  vp  . 
•  vb  •  Od  •  K  • 

CO 

H  " 

>p  : 

io  ■ 

o 
p 

O      H  m 
:  P  :  ."^  :  .-^  : 

"         'CO   ■  lO 

eo 

CI 

(U 

z 
u 
u 
o 
« 

Z 

"IBDBiaoiuiuv 
pioujiunqiv 

VO 

: 

01 

CO  oo 
:      :  CO  :  "p  : 

ta 
la 

u? 
.§ 

•a 

•[BOBIUOUIUIV 

aajj  puB  auiiBg 

o 

P  : 

00 

m 

CO      O  CO 

;  ON  :  JO  :  : 

so     ■         "  ' 

t> 

w 

so 
CO 

"c 

C5 

p- 

C 

Tan 

•auuoiqa 

^  . 

h  '■ 

h 

.00    .  p    ;  p  . 
•  i    ■  i)    ■  ' 

CD 
C9 

•isa.x,  ua3,(xo  i^JOOH  ^ 

lo  : 
' 

vp 

lO      o  so 

■  ro  ■  M   ■  >o  ■ 

CO 
00 

(/] 
(D 

z 

u 
o 

o 

BS 
t- 

Z 

•IBaBiuouituv 
ptouaoiiiqiv 

o 
•  f 

:  CO  :  ;i-  : 

Ul 

>> 

Tank  11, 

•JEOBIUOIUIUV 

aaaj  puB  auiiBg 

o 
:  p 

■  00 

O       CO      CO  0 
;        ;  ON  :  p 

lO    ■          *  NO     '  00 

01 

t» 

•a 

w 

c: 

rl-      oo      00  so 

;  so  !  sO  :  so 

in 
qo 

w 

H 
_c 

•^sax  uaSXxQ  iSJnoH  ^ 

:  : 
'  cn  ■ 

CI        ID       C3N  '-' 

:  On   :  00    ;  p 

"m    ■  CO  '  '«    '  '« 

00 

CO 

at 
OS 

z 

Id 
O 

•[B3BIU0LUU1V 

piouaiunqiv 

"1 
•  "P 

CO      00       CO  so 

CO  :  cN  :  : 

CO 
CO 

cn 

>s 

IS 

O 
a: 

z 

•[BOBIUOIUUIV 

aajjj  puB  auiies 

■  00 

0     2  t^. 
:  p  :  p  :  p 

io    *  00     '00     *  00 

CI 
00 

t- 

•o 

CO 

c 

cs 

z 
< 

•aauoiqo 

• 

■  ii 

Tj-    .00     .  00     .  sp 
*  so     'so     ■  ^ 

00 

■jsax  uaSXxQ  ,sjnoH 

'■  P 
■  '« 

lo  :  CO  jp  :  p 
«  ■  CI  '  M  ■  « 

rfl 
Ci 

(/] 

a: 

ON 

o  - 

v 

u 

< 

Q 

M 

VI 

> 
< 

69 

Tablk  VI  (/). 


uents  from  i 
3&4.  1 

Contact  Bed  No.  I. 

Contact  Bed  No.  II. 

Nitrogen. 

Nitrogen. 

0  t/i 

Date. 

ixture 
Tank 

4) 

9 

moniac 

oniaca 

value. 

moniai 

oniaca 

c 

B 

E 

c 

E 

E 

6 

V 

<; 

E 

V 

< 

E 

>> 

>. 

X 

V 
V 
U 

< 

Tl 

M 
>> 
X 

V 
V 

k- 

< 
•0 

X 

0  . 

.  <u 

0 

in 

b 
« 

enoit 

0 

V 

Ix, 

ja 

enoi 

(A 

4  Hrs 
vail 

4  Hour 

Chlorii 

Saline 

Album 

Nitrou 

Chlorii 

Saline 

Album 

Nilrou 

15th  Sept.  igog 

3  "45 

I  "95 

7'o 

I '04 

■24 

■85 

i'33 

7-0 

■42 

■14 

1-66 

i6th  „ 

3'" 

I'll 

6-8 

1-28 

•18 

ri6 

■70 

6-8 

■32 

'12 

2 '65 

19'!'  1. 

5 '26 

i"35 

6-6 

i'73 

■25 

•61 

■70 

6  6 

I'll 

•17 

I'lO 

2ISt        ,,  ,, 

3 '42 

114 

6-8 

•83 

*22 

i*o6 

•69 

6-8 

■32 

'IC 

3'iS 

23rd        „  „ 

3-07 

1-77 

7-0 

•64 

*22 

'■33 

i*og 

7-0 

'25 

•16 

2*20 

Average  .. 

S-38 

1-47 

6-8 

110 

■22 

100 

•92 

6-8 

48 

•14 

2  15 

The  quantity  passed  through  the  contact  beds  is  1,400  cubic  centimetres,  or  about  a 
litre  and  a  half ;  this  is  about  "3  of  a  gallon.  The  quantity  of  material  in  the  beds  is 
about  '6  of  a  cubic  foot  ;  that  is,  about  17  litres. 


Table  VI  (g). 
Coviparison  of  Average  Results. 


Crude  sewage 
Tank  No.  4 
Tank  No.  3 
Tank  No.  2 
Tank  No.  t 
Contaci  Bed  No. 
Contact  Bed  No. 


Col.  I. 


4  Hours'  Oxygen 
Test. 


Percentage 
purification 
on  crude 
figure. 


10-80 
1*28 
3-86 
3-18 
2-45 
1  47 
92 


Col.  2. 


Nitrogen. 


Col. 


U 


600% 
64-2  % 
70-5  % 
77-3  % 
86-4  % 
90  •S  % 


o 
c 
E 

QJ  •« 

re 
« '5 


Col.  4. 
Albumen.  Am- 
moniacal. 


2*30 
51b 
637 
7-21 
7  82 
1  10 
•48 


2-49 
•74 
•55 
•45 
•36 
•22 
-14 


Percentage 
purification 
on  crude 
figuie. 


70-2% 
77  9% 
81-9  % 
85-5% 
911  % 
94  4  ° 


Col. 


•a 
c 

o  .ti 
.5^ 


1  00 

 ,  ^2-15 

of  mjxiure  of'^effl„e„°ts  puf'^nto  iL^Lf  "l-^l'^fit  nre  i""  J^lf  ''^"''^^  4  Hours'  Oxygen  figure 
Contac,  Bed  No.      give's^  8%  on  thl  sami  baslL' 
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Tables  VI  {d)  {e)  (/)  give  a  more  detailed  analysis 
of  the  crude  sewage,  the  effluents  of  the  4  models  and  of 
those  of  the  2  contact  beds.  In  each  case  5  full  analyses 
were  carried  out.  Table  VI  (g)  gives  a  statement  oi 
the  averages  of  the  results  obtained.  It  is  not  necessary 
to  deal  with  any  single  analysis,  but  attention  should  be 
directed  to  Table  IV  (§-),  which  gives  in  graphic  form 
the  epitome  of  the  results  obtained. 

In  column  i  the  4  hours'  oxygen  figures  and  the 
percentage  purification  calculated  on  the  4  hours'  oxygen 
of  the  crude  sewage  are  set  forth.  The  steady  falling- 
off  in  oxidisable  matter  in  the  effluents  should  be 
observed  in  the  figures  as  they  are  set  down.  Of  the  4 
tanks  it  will  be  observed  that  tank  No.  I  (that  is  the  one 
with  3  days'  rest)  gives  not  only  the  best  result,  but  an 
extraordinary  amount  of  purification  ;  no  less  than  77-3 
per  cent,  of  the  oxidisable  matter  has  been  broken  down 
during  the  period  of  rest  in  the  tank.  The  contact  beds 
Nos.  I  and  II  further  reduce  the  amount  of  easily  oxidis- 
able matter  as  well  as  nitrify  a  great  deal  of  the  saline  am- 
monia. The  final  effluent  from  contact  bed  No.  II  having 
go  per  cent,  of  its  oxidisable  matter  rendered  innocuous. 

In  column  3  the  saline  ammonia  figures  are  of  great 
interest.  Even  with  a  short  rest  in  the  tank  as  24  hours 
the  saline  ammonia  is  more  than  double  the  amount  that 
was  present  in  the  crude  sewage.  In  tank  No.  I 
the  saline  ammonia  figure  has  reached  as  much  as  7-82 
parts  per  100,000  ;  of  this  amount  the  contact  beds  nitri- 
fy all  but  -48  parts  per  100,000.  The  albumenoid  am- 
monia figures  demonstrate  the  great  activity  of  the  tanks. 
Even  with  only  a  24  hours'  rest  the  70  per  cent,  of  the 
albumenoid  ammonia  has  been  converted  into  saline. 
Considering  the  strength  of  the  sewage,  this  is  a  very 
satisfactory  result.    In  tank  No.  T,  where  the  period  of 
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rest  is  3  days,  85  per  cent,  of  the  total  albumenoid  am- 
monia is  so  changed. 

The  amount  of  nitrification  carried  out  by  the  ma- 
terials in  the  contact  beds  is  also  very  considerable,  as  will 
be  observed  from  the  above  figures,  vide  column  5. 

These  results  may  therefore  be  taken  to  be  about 
the  maximum  obtainable  with  this  very  simple  apparatus 
dealing  with  so  concentrated  a  sewage.  In  all  cases  it 
will  be  observed  that  tank  No.  I  (one  with  3  days'  rest) 
is  superior  to  others.  A  further  analysis  was  made  of  the 
effluent  from  contact  beds  I  and  II  when  they  are  fed  with 
the  effluent  of  tank  No.  I  only.  The  figures  showed  only 
a  slight  improvement  on  those  given  above. 

PfJTRESCIBILITY  TeST. 

The  putrescibility  of  the  various  effluents  was  deter- 
mined in  the  usual  way.  Five  separate  incubator  tests 
of  crude  sewage,  effluents  of  tanks  Nos.  I,  II,  III  and  IV, 
and  of  the  two  contact  beds  were  carried  out.  The  figures 
are  given  in  Table  VI  {h). 


Table  VI  {h). 
Putrescibility  Test. 


3  Minutes' 
Oxygen 
Test. 

Samples. 

Before 
Incubation; 

After 
Incubation. 

Contacl  Bed  No.  TI  (ist  series) 
II (2nd     „  ) 

,.  IKard  ,.  ) 
n(4th      „  ) 

,.      11  (5th     .,  ) 

•11 
•iz 
•16 
•i  t 
•13 

•15 
•16 
•16 
•IS 
•'4 

Average 

•12 

•15 

Difference  "03 
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Table  VI  {k).—{Cofttd.) 


3  Minutes' 
Oxygen 
Test. 

Samples. 

Before 
Incubation. 

c 
0 

<■§ 

u 

Contact  Bed  No.  I  (ist  series) 
I  (2nd    ,,  ) 
1  (Srd     „  ) 
M4th     „  ) 
I  (S'h     ,,  ) 

•21 
•24 

J* 
•22 
'26 

•30 

■34 
■44 

•32 

'20 

Average 

•25 

36 

Difference  'ir 

Tank  No.  I  (1st  series) 
,,           I  (2nd    „  ) 
I  (3rd    „  ) 
..    I(4th    „  ) 
M           I  (S'h     „  ) 

•43 
•71 

"5 
•56 
•77 

•45 
•89 
•89 

•78 

•8q 

Average 

•62 

•78 

Difference  •16 

Tank  No.  II  (ist  series) 
,,     „  II  (2nd    ,,  ) 
IMsrd     „  ) 
„      „   II  (4th     „  ) 
.,      ,,    II  (5th     „  ) 

•.S4 
•95 
•97 
•78 
1*03 

•91 

foi 

1*01 

I '09 

1*32 

Average 

•85 

Difference  '22 

Tank  No.  Ill  (ist  series) 
„     „   III  (2nd  „  ) 
„     „  III  {3rd   ,,  ) 
„     ,,  III  (4th    „  ) 
,,     „  III  (5th    „  ) 

•79 
I  "07 
1*29 

1*01 

i-i6 

1*22 

i'34 
••56 
i'47 

Average 

1-06 

1-43 

Difference  '37 

Tank  No.  IV  (ist  series) 
„      „   IV  (2nd    „  ) 
IV  (3rd     „  ) 
„      „   IV  (4th     „  ) 
„   IV  (S'h     .,  ) 

•97 
I-I9 

1*54 
1-23 
1*29 

r83 

2"0I 
2*01 
2*03 
I  "62 

Averagk 

124 

1^90 

Difference  '64 
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Crude  Sewage. 


Date. 

4  Hours' 
Oxygen 
Test. 

3  Minutes' 

OXVGEN 

Test. 

Before 
Incubation. 

After 
Incubation. 

loth  Sept.  1909 
nth 

22nd  ,, 

Average 

I1'25 

13'33 
1372 
10-97 

9  "25 

3'ii 
4  "33 
3  96 

3 '45 
2-84 

6-13 
6-13 
5'" 

5*93 
4-56 

Difference  2^03 

11  70 

8-54 

5-57 

The  crude  sewage  is,  as  one  would  expect,  naturally 
very  putrescible  and  the  difference  between  the  3  minutes' 
oxygen  test  before  and  after  incubation  is  as  much  as  2 
parts  per  100,000;  no  hydrogen  sulphide  was,  however, 
found  after  incubation.  There  is  a  steady  falling-off  in 
the  difference  between  these  two  sets  of  figures  the 
longer  the  sewage  remains  in  the  tank,  so  that  the 
difference  m  the  case  of  tank  No.  I  is  quite  small.  It  is 
stiU  further  reduced  by  the  contact  beds,  so  that  in  the 
final  result  it  is  less  than  -03  parts  per  100,000.  From 
considerable  experience  of  this  test  our  opinion  as  to  its 
value  has  diminished. 


Estimation  of  Colloids. 
de.  JhpH  "^'"1  estimation  for  colloid  material  already 
sewage  th'"  S^'^*"  ^^"^^^  the  crudi 

tTt Ted  T^"'^°'  4  tanks  and  of  the  two  con- 
tact beds.    The  results  are  given  in  Table  VI  (/)  below. 
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It  will  be  observed  that  about  75  per  cent,  of  the 
total  oxidisable  matter  in  the  crude  sewage  is  colloid 
in  nature.    After  treatment  in  any  of  the  septic  tanks 
a  great  deal  of  this  has  disappeared,  and  after  the  aerobic 
treatment  in  the  contact  beds  a  still  further  falling-off 
is  observed,  so  that  the  amount  left  in  the  effluent  from 
contact  bed  II  is  only  -09  parts  per  100,000.  Without 
entering  into  a  long  discussion  as  to  what  has  become  of 
these  colloids,  it  may  just  briefly  be  stated,  that,  if  they 
are    simply    separated  out    mechanically,   they  must 
have  settled  down  at  the  bottom  of  the  tanks  in  the 
form  of  sludge  ;  consequently  after  a  period  of  three 
years'  working,  these  tanks,  which  it  should  be  remem- 
bered are  only  bottles,  would  be  mostly  filled  with  this 
material.    As  a  matter  of  fact,  there  is  less  than  2  inches 
of  sludge  at  the  bottom  of  each  and  this  certainly  does 
not  present  an  appearance  of  colloid  material.    There  is 
practically  no  doubt  that  by  far  the  majority  of  these 
coUoids  have  been  changed,  by  the  action  of  the  anaerobic 
organisms  or  enzymes  in  the  septic  tanks,  into  crystalloid 
bodies.    Even  after  so  short  a  rest  in  the  tank  as  24  hours' 
about  70  per  cent,  of  the  colloids  have  disappeared. 
Further,    it  will    be    observed,    that  the   longer  the 
efauent  remains    in  the  septic  tank,  the  more  colloids 
are  changed,  and   that    the    effluent   from  tank  No.  I 
contains  a  very  small  amount  of  such  bodies. 


Absorption  of  dissolved  oxygen. 

A  mixture  of  i  part  of  sewage  or  efiiuent  to  g  of 
hours.    The  quantity  of  oxygen  dissolved  in  the  water  of 
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which  the  mixture  is  made,  is  estimated  in  the  usual  way 
by  the  manganous  chloride  method ;  the  amount  of  oxygen 
remaining  in  the  mixture  after  24  or  48  hours  is  also 
similarly  estimated.  The  falling-off  in  the  amount  of 
oxygen  represents  the  amount  absorbed  by  the  oxidisable 
matter  in  the  effluent  or  sewage  which  has  been 
added  to  the  water.  The  results  are  given  in 
Table  V  (k),  p.  77. 

It  will  be  observed  that  in  the  case  of  the  mixture 
of  the  crude  sewage  no  oxygen  at  all  remained  after  24 
hours.  In  tank  No.  IV  no  oxygen  remained  after  48  hours 
and  very  little  indeed  after  24  hours.  In  the  case  of  tank 
No.  Ill  no  oxygen  remained  after  48  hours  and  no  great 
quantity  after  24  hours.  Tanks  Nos.  I  and  II  show  that  the 
falling-off  in  the  oxygen  present  in  the  water,  though 
considerable  in  quantity,  is  nothing  Hke  as  much  as  in  the 
case  of  tank  No.  IV.  One  may,  therefore,  conclude  that 
effluent  from  tank  No.  I  is  in  a  very  much  more  suitable 
condition  to  be  discharged  into  any  stream  than  that  of 
tank  No.  IV.  This  test  demonstrates  this  fact  much  more 
clearly  than  the  analyses  given  previously.  On  comparing 
the  results  obtained  with  this  test  in  the  case  of  effluent 
from  contact  beds,  it  will  be  observed  that  the  figures  show 
that  the  second  contact  bed  does  not  greatly  lessen  the 
amount  of  "  oxygen  seizing  "  matter  in  the  effluent. 


Nitrification  test. 

Five  series  of  experiments  were  conducted  with  crude 
sewage ;  the  effluents  of  the  4  tanks  on  the  lines  already 
described,  namely,  a  mixture  of  the  effluents  and  water, 
was  aUowed  to  stand  in  Winchester  quarts  half  full ; 
the   mixture  was    shaken  up  daily    and  tested  for 
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the  presence 
Table  VI  {I). 


of  nitrites.     The   results  are  given  in 


Experinipnt  I 


Experiment  II 


Experiment  III 


Experiment  IV 


Experiment  V 


Table  VI  (/). 
Nitrification  Test. 
fThe  effluent  of  Tank 


Crude  Sewage 

^The  effluent  of  Tank 
I  „ 

I  ;;  " 

\  Crude  Sewage 

/The  effluent  of  Tank 

I      .,  '! 

\     ,,  ><  >• 

11  M  >•  •' 

1^    ,,      Crude  sewage 

/The  effluent  of  Tank 

I  1)  >>  '•  " 
-,     ,1       .1       >'  " 

I     I.       "  " 

„      Crude  Sewage 

/The  effluent  of  Tank 
I  " 

1 

I  Crude  Sewage 


T 

n 
III 

IV 


I 

II 

HI 

IV 


I 

II 
III 

IV 


I 

II 
III 

IV 


1 

II 
III 

IV 


look     7   days  to  nitrify. 


10 
21 


10 

1  r 

23 

5 
6 

7 
9 

20 

5 

6 

7 
8 

17 

6 
7 
9 
9 

20 


It  will  be  observed  that  a  mixture  of  crude  sewage 
and  tap  water  (which  contains  roughly  the  same  amount 
of  oxidisable  organic  matter  as  the  other  mixtures  of  the 
series)  took  on  an  average  21  days  to  develop  any  ni- 
trites at  the  ordinary  laboratory  temperature  ;  while  the 
effluent  thathadbeen  submitted  to  the  action  of  a  septic 
;fr:;:fo;  one  day  (tank  No.  IV)  took  8,  tl-^c.  .0^^^^^^^^^^ 
rtanks  Nos  I  and  II)  took  about  7  and  6  respectiveU^ 
Henc  by  this  simple  experiment  it  is  demonstrated  that 
fhe  ef^ilt,  that 'has  been   acted  upon  by  anaerobic 
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organisms,  in  the  septic  tank  is  in  a  much  more  suitable 
condition  for  the  action  of  nitrifying  organisms  present  in 
water  than  one  that  has  received  no  treatment.  Further, 
the  results  show  that  the  effluent  of  tank  No.  I  which 
had  a  period  of  3  days'  re.st  in  the  tank  is  more  readily 
nitrified  than  that  of  the  other  three. 

After  the  discovery  of  the  fact  that  a  true  5 -gallon 
sewage  had  not  been  used  for  these  experiments,  the  de- 
fect was  remedied  and  all  4  tanks  were  fed  with  the  more 
concentrated  sewage,  for  a  period  of  a  fortnight,  to  enable 
the  tanks  to  accommodate  themselves  to  the  greater 
loads  put  on  them.  After  this  period  analyses  were 
again  made.  Table  VI  (m)  gives  the  results  obtained.  The 
crude  sewage  made  use  of  in  these  samples  had  a  4-hours 
oxygen  value  of  about  20  ;  this  is  not  quite  up  to  the 
average  strength  of  a  true  5-gallon  sewage,  but  it  is 
sufficiently  near  to  show  the  difference  produced  in  the 
tanks.  It  will  be  observed  that  the  tanks  still  give  a 
very  remarkable  amount  of  purification,  though  naturally 
not  as  much  as  was  obtained  in  the  former  experiments 
when  the  sewage  contained  about  half  the  amount  of 
suspended  matter.  The  percentage  purification  of  tank 
No.  I,  calculated  on  4  hours'  oxygen  figure,  is  still  nearly 
80  per  cent.,  whilst  that  of  tank  No.  IV  is  60  per  cent. 

An  important  point  to  be  observed  in  this  table  is  that 
the  increase  in  the  amount  of  oxidisable  matter  in  tanks 
Nos.  II,  III  and  IV  is  almost  entirely  colloidal  in  nature, 
the  amount  of  crystalloid  oxidisable  matter  being  the  same 
in  all  four.  The  saline  ammonia  figure  as  compared  with 
table  No.  VI  {g)  shows  an  increase  of  about  20  per  cent, 
due  to  the  additional  strength  of  the  sewage,  but  it  should 
be  observed  that  the  contact  beds  take  on  the  work  of 
mtrifymg  this  extra  ammonia  without  any  apparent  diffi- 
culty, for  the  effluents  from  the  little  beds  contain  the 
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same  amount  of  free  ammonia  as  in  the  former  experi- 
ments, the  nitrates  being  proportionately  increased.  The 
albumenoid  ammonia  figures  show  a  very  considerable 
deterioration,  hence  it  would  appear  that  the  more  dilute 
sewage  was  nearer  the  optimum  strength  for  septic  action 
as  regards  the  albumenoid  ammonia  figures. 

From  the  foregoing  analyses  and  the  tests  carried 
out  on  seven  samples  (crude  sewage,  4  tank  effluents, 
and  two  contact-bed  effluents)  the  following  conclusions 
appear  to  be  legitimate  :— 

1.  That  of  the  4  tank  effluents,  that  derived' 

from  tank  No.  I,  which  has  a  period  of  rest 
in  the  tank  of  3  days,  is  in  every  respect 
superior  to  any  of  the  others.  Further, 
that  the  quality  of  the  effluents  from  the 
4  tanks  varies  with  the  length  of  the  rest 
of  the  sewage  in  the  tank,  so  that  not  only 
is  the  effluent  of  tank  No.  I  the  best,  but 
that  of  tank  No.  IV  the  worst. 

2.  That  the  action  of  the  contact  beds  both  in 

nitrifying  the  ammonia  and  in  the  removal 
of  other  material  from  the  sewage  renders 
the  effluent  a  thoroughly  satisfactory  one 
for  passing  into  any  river  or  stream. 

3.  That  with  comparative  simple  arrangements  a 

very  great  amount  of  purification  can  be  ob- 
tained even  in  a  very  concentrated  sewage. 
In  connection  with  these  conclusions  there  are  a  few 
points  that  call  for  a  little  discussion. 

From  these  results  it  might  be  argued  that  if  larger 
tanks  were  provided  and  a  longer  period  of  rest  in  the  tank 
was  allowed,  a  still  higher  degree  of  purification  would 
have  been  obtained.  This  proposition  is  probably  cor- 
rect within  certain  limits,  for  it  appears  to  be  almost 
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impossible  to  "  over-septicize  "  a  vegetarian  sewage  in  the 
tropics,  because  Hydrogen  sulphide  is  not  easily  formed. 
At  the  time  the  experiments  were  started  (Oct.  1906)  it 
was  thought  that  3  days'  rest  in  the  tank  would  be 
about  the  economic  limit,  and  experience  has  confirmed 
this  opinion,  the  purification  obtained  by  this  size  of  tank 
being  very  great.  On  the  other  hand,  from  an  economical 
point  of  view  a  further  increase  of  tank  capacity  is  not 
to  be  desired.  In  designing  septic  tank  installations  the 
object  should  always  be  to  get  a  maximum  of  purification 
with  the  minimum  of  expense.  Large  tanks  mean  heavier 
cost  of  construction,  and  what  is  sometimes  of  greater 
importance,  more  land. 

An  additional  reason  why  a  tank  capacity  of  15 
gallons  per  user  (5  gallons  per  head  with  3  days'  rest)  is 
the  most  convenient,  is  that  this  size  gives  just  the 
right  amount  of  space  for  adequate  seat  accommoda- 
tion for  the  population  for  whom  the  latrine  is  con- 
structed, provided  that  the  length,  breadth  and  depth  are 
determined  by  the  considerations  given  in  chapter  III. 

Another  query  may  occur  to  the  mind  of  the  reader, 
viz.,  when  the  action  of  the  septic  tank  can  bring  about 
something  like  60  per  cent,  of  purification,  on  the  very 
concentrated  sewage,  with  a  24-hours  rest,  is  it  econom- 
ical to  double  or  treble  the  size  of  the  tank  in  order  to 
obtain  an  additional  10  or  15  per  cent.  ?  The  answer 
appears  to  be,  that  it  is  economical  and  safer  to  provide 
fairly  large  tanks,  in  spite  of  the  great  rapidity  of  the 
early  breaking-down  process.  The  foregoing  results 
show  distinctly  that  the  further  the  septic  action  has 
gone,  the  easier  is  the  nitrification  process.  Filters  or 
aerobic  arrangements  in  the  tropics  are,  as  a  rule,  much 
greater  sources  of  nuisance  than  the  septic  tanks  them- 
selves.   When  dealing  with  the  subject  of  filters,  we 
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shall  study  their  various  disadvantages  and  limitations, 
the  difficulty  of  obtaining  a  suitable  material  and 
adequate  supervision  are  amongst  the  number  of  these. 
Furthermore,  in  many  places  where  these  installations 
are  required,  land  is  extremely  valuable  ;  consequently 
it  is  obviously  economical  to  carry  the  septic  action 
as  far  as  possible  in  the  tank  in  order  to  be  able  to 
provide  comparatively  small  filters. 

A  sound  chemical  reason  for  providing  tank  capacity 
at  the  above  rate  appears  to  be,  the  importance  of  getting 
rid  of  as  much  of  the  colloidal  material  as  possible  from 
the  effluent.  Colloid  material  causes  endless  trouble 
in  the  aerobic  process  ;  the  analyses  of  the  effluents  ob- 
tained when  a  concentrated  sewage  was  used  (Table  VI  [h)) 
show,  that  the  disappearance  of  colloids  is  slow,  and 
that  time  is  necessary  for  the  change. 

A  practical  argument  in  favour  of  keeping  the  tank 
of  a  large  size  is,  that,  with  smaller  tanks  the  greater 
the  variation  in  the  inflow,  the  greater  the  disturbance 
in  the  sedimentation  action  in  the  body  of  the  tank. 
We  have  already  remarked  that  this  design  of  latrine  is 
used  irregularly.  If  the  tank  capacity  is  to  be  cut  down 
much  below  what  is  proposed,  currents  will  be  set  up, 
settlement  will  not  take  place,  and  it  will  be  extremely 
difficult  to  insure  that,  the  sewage  coming  in  during  a 
rush,  really  gets  the  rest  in  the  tank  that  it  is  supposed 
to,  though  the  average  rest  for  24  hours  may  be  correct. 
We  therefore  consider  that  for  chemical,  engineering  and 
economical  reasons  a  large  tank  capacity  is  distinctly 
desirable ;  there  does  not  appear  to  be  any  decided 
advantage  in  increasing  it  above  15  gallons  per  user  per 
diem,  with  a  dilution  of  5  gallons  per  head. 

Before  finally  closing  this  chapter,  it  may  be  interest- 
ing to  compare  the  results  given  by  these  little  models 
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with  those  obtained  from  larger  installations.  Of  course, 
in  Chapters  IV  and  V  many  detailed  analyses  of  actual 
installations  are  given,  particularly  those  of  Shamnagar 
Jute  Mill,  Chve  Jute  Mill,  Standard  Jute  Mill  and  Kanch- 
rapara  Workshops,  but  it  would  be  interesting  to  show 
whether  the  results  obtained  in  the  majority  of  working 
installations  agree  with  those  obtained  in  the  laboratory 
models.  The  following  Table  VI  (n)  demonstrates  the 
fact  that  the  two  sets  of  figures  coincide  very  largely, 
provided  latrines  chosen  are  not  seriously  over-worked 
beyond  the  capacity  for  which  they  are  designed. 

Of  course,  it  must  be  remembered  that  the  results 
obtained  from  the  model  septic  tanks  and  those  obtained 
from  the  working  installations  are  not  strictly  com- 
parable ;  in  the  former  there  is  nothing  that  can  be  said  to 
correspond,  with  the  grit  chamber,  except  the  somewhat 
fortunate  carelessness  of  our  staff  in  omitting  to  mix 
the  foecal  masses  with  the  water.  Still  the  similarity 
between  the  two  sets  of  figures  is  remarkable. 

Table  VI  («)• 


CHEMICAL  ANALYSIS  OF  EFFLUENT  FROM  THE  SEPTIC  TANK. 
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ra'  Oxygen. 
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remaining. 
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Trace. 

Fair 
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CHAPTER  VII. 


ANALYSIS  OF  SLUDGE  AND  GASES 
GIVEN  OFF. 

^LTHOUGH  by  far  the  most  interesting  and  prob- 
ably the  most  important  action  that  goes  on  in  a 
septic  tank  is  the  mineralization  of  the  nitrogen  element, 
still  it  must  not  be  forgotten  that  this  is  only  one  of  a 
very  large  number  of  such  changes.  Many  of  the  other 
actions  are  ill-defined  and  up  to  the  present  time  ill- 
understood,  but  there  is  one,  which  is  at  any  rate 
extremely  apparent,  and  that  is,  the  breaking  up  of 
the  cellulose  and  carbo-hydrate  compounds  into 
marsh  gas,  hydrogen  and  carbon  dioxide.  Before  pro- 
ceeding with  the  subject,  it  must  be  stated  that 
the  bulk  of  the  work  to  be  described  in  this 
chapter  was  done  when  Dr.  Fowler  was  with  us  in  India 
and  quite  a  large  proportion  was  actually  carried  out  by 
himself.  Most  of  this  work  is  taken  from  section  "  C  " 
of  his  report  on  Septic  Tanks  in  Bengal ;  a  certain 
proportion  of  this  was,  however,  done  after  he  had 
left  this  country,  although  the  figures  were  forwarded 
to  him  and  appear  in  his  work.  Any  reader  requiring 
more  exhaustive  information  on  this  subject  than 
it  is  proposed  to  give  in  this  work  should  consult 
Dr.  Fowler's  report.  This  subject  has  recently 
not  received  a  very  large  share  of  attention,  because 
it  is  of    comparatively    small   practical  importance. 
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that  is  to  say,  it  does  not  affect  the  design  of 
tanks. 

Analysis  of  the  Entahy  crude  sewage  as  regards  its 
carbon,  nitrogen,  sulphur  was  made  the  result  is  given 
in  table  following  : — 

Total  organic  carbon         . .  27'6 

Total  organic  nitrogen        . .    8'25  (with  urine). 

Total  organic  sulphur         . ,  '52 

These  figures  were  obtained  from  a  residue  made 
by  evaporating  down  the  ordinary  5-gallon  Entally  crude 
sewage.  The  total  nitrogen  figures  are  not  always  the 
same  in  different  samples  because  the  amount  of  urine 
present  varies  a  little.  If  foeces  only  are  taken,  the  results 
are  very  uniform.  The  figures  given  in  Table  V  {a)  are 
really  much  more  important  than  the  above,  because 
they  deal  with  foeces  only ;  the  total  nitrogen  in  dried 
foeces  obtained  from  a  vegetarian  populace  is  about 
5-6%  of  the  dried  residue.  This  figure  is  confirmed  by 
very  many  estimations  which  have  been  made  by 
Capt.  McCay.  If  the  foecal  discharges  and  the  whole 
of  the  urine  in  24  hours  of  an  individual  on  ordinary  diet 
be  evaporated  to  dryness,  the  nitrogen  figure  in  the 
dried  residue  would  be  about  12%.  An  artificial 
European  sewage  was  manufactured  by  myself  on  two 
occasions,  the  dilution  of  which  was  practically 
unknown,  but  the  total  urine  of  24  hours  was 
added.  The  results  of  analysis  give  :  total  carbon 
25-92,  total  nitrogen  21-2,  sulphur  1-99.  The  great 
increase  in  the  total  nitrogen  and  sulphur  over  the 
Entally  sewage  should  be  noted.  These  results, 
though  too  scanty  to  draw  any  important  conclusion 
from,  agree  with  the  exhaustive  researches  of  Capt. 
McCay,  i.m.s. 
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In  a  study  of  the  fermentation  of  cellulose,  the 
alysis  of  gas  obtained  from  large  septic  tanks  was 


Clip. 


Fig.   VII  (a).— Apparatus  for  collecting  gas. 


carried  out ;  a  small  apparatus,  shown  in  fig.  VII  {a)> 
was  also  set  up  to  collect  the  gas  evolved  from  any 
given  material,  such  as  sludge,  foeces  or  sewage.  The 
description  and  the  use  of  the  apparatus  is  quoted  from 
Dr.  Fowler's  report  : — 

"  The  general  method,  except  where  otherwise  stated, 
for  observing  the  quantity  of  gas  evolved  and  collect- 
ing it  for  analysis  consisted  in  placing  a  known  quantity 
of  the  sample  in  a  bottle  or  flask,  which  was  completely 
filled  with  the  sample  in  the  case  of  sewage,  or  with  water 
(generally  boiled  to  drive  out  dissolved  gases)  in  the  case 
of  sludge  samples  and  closed  by  a  double-bored  India- 
rubber  stopper.  Through  one  hole  in  the  stopper  a 
tube  was  passed  to  about  two-thirds  of  the  depth  of  the 
bottle  and  bent  twice  at  right  angles  ;  as  the  gas  was 
evolved,  the  liquid  was  forced  out  through  this  tube, 
and  could  be  collected  and  measured,  the  volume  being 
equal  to  the  volume  of  the  gas  evolved.    Through  the 
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other  hole  of  the  stopper  a  tube  passed  just  to  the  under 
surface  of  the  stopper.  This  tube  was  bent  at  right 
angles  and  closed  by  a  piece  of  India-rubber  tubing  and  a 
screw-clip.  The  gas  could  thus  be  withdrawn  through 
this  tube  for  analysis,  being  replaced  by  water  drawn  in 
simultaneously  through  the  other  tube.  In  some  cases 
this  tube  was  omitted  and  the  gas  collected  by  opening  the 
bottle  or  flask  under  a  funnel  filled  with,  and  immersed 
in  brine.  The  stem  of  the  funnel  was  closed  by  India- 
rubber  tubing  and  a  screw-chp,  and  could  thus  be  attached 
to  the  gas-measuring  burette." 

"  By  this  simple  method  the  fermentation  took  place 
practically  under  atmospheric  pressure  throughout,  and 
in  general  little  or  no  solid  matter,  which  was  the  chief 
source  of  the  gas  evolved,  passed  out  of  the  bottle." 

The  gases  of  various  samples  were  analysed  in  the 
usual  way  and  the  results  are  given  in  the  Table 
VII  (6). 

It  will  be  observed  from  the  composition  of  the 
gases  that  they  are  due  to  the  breaking  up  of  carbo-hy- 
drate bodies.  In  the  work  done  by  Dr.  Fowler  on  the 
subject  whilst  in  Bengal  he  discussed  two  points  :  (i)  the 
amount  of  cellulose  and  similar  substances  that  is 
actually  split  up,  and  converted  into  gas  in  a  given  time 
by  fermentation  under  anaerobic  action  ;  and  (2)  to 
decide  if  any  of  the  nitrogen  in  the  proteid  bodies  could 
be  recovered  as  free  nitrogen  from  the  sewage.  The 
conclusions  arrived  at  by  him  on  these  points  are  : — 

(i)  "  The  decomposition  of  organic  matter  in  the 
deposit  found  in  the  main  tank,  and  its  conversion  into 
gas  is  a  process  extending  over  a  long  time,  but  however 
long  the  deposit  remains  in  the  tank,  it  does  not  appear 
possible  to  get  rid  of  more  than  at  most  50%  of  th 
organic  matter  in  this  way.    The  remaining  50%  together 
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Table  VII  (6). 

RESULTS  OF  ANALYSES  OF  GAS  OBTAINED  FROM  TANK'Si  SLUDGE. 


Description  of  Sample. 


Xo.  34  sludge.  Left  'SI.  H.  Kanchra- 
para,  12-15  p.m.,  20th  February 
1906.  Black  particles  settling 
readily  like  tea  leaves.  Gives  H.  S. 
and  foscal  smell  on  warming  with 
acid.  Gives  skatol  test  with 
H.  S.O.  Mainly  "  dal  bat  " 
residue.  One  or  two  diatons 
present. 

Xo.  49.  Gas  collected  from  Sham- 
nagar  latrine  M.H.  at  exit  end. 
loth  April  1906,  9-30  A.M.  approx. 


E14,  140  c.c,  10  c.c.  Ki  Crude, 
Entallv  Sewage,  Kanchrapara 
tank  effluent. 

Ti.  Gas  from  model  septic  tank 
not  inoculated  with  septic  sludge 
origin  all}-. 

T2.  Gas  from  model  septic  tank  in- 
oculated with  septic  tank  sludge. 

E14.    Crude  sewage,  Entally 


E203.    Crude  sewage,  Entally 


Inlet  sludge.    Simla  septic  tank 


Outlet  sludge.    Simla  septic  tank. 


Composition. 


About  15  c.c.  solids 
per  100  c.c.  Min- 
eral matter  in  dry 
residue  36-8%. 


E144  hrs.'  test  io'57 
Albuminoid...  i'42 
Ki  4  hrs.  ...  2-64 
Albuminoid...  "iS 


4  hours'  oxygen 
test  ..  10-57 

Albimiinoid...  i'42 

4  hours'  oxygen 
test         ...  30-2 

Albuminoid  (av.)  6'0 

Total  carbon  ...29 '87 
Total  nitrogen... 2 '41 


Quantity 

TAKEN. 


Indeter- 
minate. 


150  c.c. 


150  c.c. 


Total  carbon  •••25 "4 
Total  nitrogen... 3 '03 


Total  Gas. 


16775  c.c.  in  14 
days. 

69 '8  c.c.  in  38 
days. 

Started  21st 
Februarj/  1906. 

20  c.c.  gas  evolv- 
ed in  first  day 
of  experiment. 

Gas  taken — 

Exp.  I — 28 '8  c.c. 

Exp.  2 — 83 '2  c.c. 

Calculated  with- 
out air,  I. 

Calculated  with- 
out air,  2. 


COMPOSITI 


3N  OF  Gas. 


CH. 


837 


46'5 
47-0 
84-4 

87-3 
72  5 


793 

79'6 
77-8 

73 '5 
74-1 


67-2 


H. 


6-3 


3'i 

2T 

5-8 
3-9 
145 


1 3 '9 

150 
4-8 

7 '.5 
17-9 


77 


CO. 


6'9 


55 

47 

9S 

87 
1-6 


97 
4-8 

2'0 

3-8 


N. 


3'i 


air. 

44"9 
46-62 


47 


■8 

4-5 
Nil 


25  ■! 

(H.S.) 


Nil 


O. 


Amount 

of 
Residue. 


I'l  II 


2-4 


Nil 


Nil 


Remarks. 


Volume  of  O  found  in  botli 
cases  X  4  X  in  O  used 
makes  ujj  residual  X. 


23 '3  c.c.  taken  for  analysis 
8th  May  1906.  Experi- 
ment started  8th  March. 

237  c.c.  taken  for  analysis. 


22 "6  taken  for  analysis. 

23  6  c.c.  taken  for  analysis 
on  8th  May  1906.  Experi- 
ment  started   8th  March. 

Started  15th  May  1906,  be- 
gan to  evolve  gas  23rd  May. 
Analysed  9th  Julj'-,  20  c.c. 
taken. 

22 '4  c.c.  of  gas  taken  for  anal- 
ysis. Much  of  the  gas  dev- 
eloped at  first  was  not 
caught,  as  the  stopper  was 
blown  out  of  the  bottle  en 
route  from  Simla,  hence 
possibly  some  nitrogen 
escaped. 

23-5  c.  c.  taken  for  analysis. 
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with  the  mineral  residue  wilJ  therefore  remain  to  be 
dealt  with  as  sludge." 

(2)  "  The  main  source  of  the  evolution  of  gas  in 
the  anaerobic  decomposition  of  sewage  is  from  the  fer- 
mentation of  cellulose." 

(3)  "  The  amount  of  organic  matter  passing  away  as 
gaseous  nitrogen  is  very  small." 

We  have  already  discussed,  at  considerable  length, 
the  fate  of  the  nitrogen  present  in  sewage  when  subjected 
to  the  action  in  a  septic  tank,  but  analyses  of  the 
sludges  should  be  undertaken  to  see  what  proportion, 
if  any,  of  it  remain  in  this  material.  The  following 
Table  VII  (a)  gives  the  figures  taken  from  the  analysis 
of  inlet  and  outlet  sludge  in  the  3  separate  latrines. 

Table  VII  (a). 
Total  Nitrogen  in  Septic  Tank  Sludges. 

Total  N.  %  of  dried  sludge. 
Standard  Jute  Mill  inlet  end  ...  y^^V 


These  figures  are  roughly  comparable  as  the  amount  of 
mineral  matter  is  not  great  in  the  sludges,  and  it  is  roughly  the 
same  in  each  sample. 

The  following  points  should  be  noted :— (i)  the  smaller 
nitrogen  figure  present  in  the  outl  et  samples  ;  (ii)  com- 
pared with  Table  IV  (a)  the  total  nitrogen  in  the  sludges 
IS  about  the  same  as  in  the  grit  chamber  foeces,  both 
having  lost  2-5  to  3%  of  nitrogen. 


M  ),      ,,  outlet 

Shamnagar  Jute  Mill  inlet  end 

M  ,,     „  outlet 

Kanchrapara  Shop  inlet 
I)  ,,  outlet 


3"6S 
3-16 


3'27 
275 
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General  conclusions. 

Before  passing  to  other  subjects,  it  will  be  well  to 
recapitulate  the  main  conclusions  that  have  been  arrived 
at  in  the  preceding  chapters  on  the  subject  of  the  chem- 
ical action  that  goes  on  in  this  particular  design  of  septic 
tank  latrine  : — 

(1)  That  in  these  installations  the  crude  sewage  as 
it  leaves  the  soil  pipe  contains  a  very  large  percentage  of 
hard  masses,  that  are  not  easily  broken  up ;  these  masses 
under  ordinary  circumstances  represent  50  to  75%  of  the 
solid  organic  matter  in  the  sewage  itself. 

(2)  That  by  making  use  of  the  design  of  the  tank 
with  a  grit  chamber,  these  f cecal  masses  remain  separated 
from  the  main  tank  for  a  considerable  length  of  time ; 
while  they  are  present  in  this  compartment,  most  of  the 
ammoniacal  fermentation  goes  on,  so  that  50%  or  more 
of  the  total  nitrogen  is  frequently  lost,  mostly  by  the 
diffusion  of  free  ammonia  into  the  water.  This  action 
may  represent  as  much  as  80  to  90%  of  the  total  puri- 
fication as  measured  by  the  4  hours'  oxygen  estimation, 
but  in  all  probabihty  this  figure  is  somewhat  above  the 
normal  for  all  latrines. 

(3)  That  the  remaining  action  necessary  for  a  good 
effluent  is  completed  in  the  septic  tank  proper  and  it  is 
in  this  compartment,  and  not  in  the  grit  chamber,  that 
the  colloidal  material  is  largely  disposed  of.  By  the  com- 
bination of  these  two  actions  (that  is,  of  the  grit  chamber 
and  of  the  tank  proper)  a  very  high  degree  of  purification 
can  be  obtained.  The  analyses  in  the  previous  chapter 
seem  to  shew  that  the  less  action  that  goes  on  in  the  grit 
chamber,  the  more  goes  on  in  the  tank. 

(4)  That  from  a  very  large  amount  of  analytical  work 
on  model  septic  tanks  and  from  a  large  accumulation  of 
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experience  from  working  installations,  a  3  days'  rest  with 
a  5-gallon  sewage  may  be  looked  upon  as  giving  the  best 
result. 

(5)  That  the  carbo-hydrate  compounds  in  the  sew- 
age are  split  up  in  the  sludge  layer  into  marsh  gas,  hy- 
drogen and  carbon  dioxide.  Possibly  as  much  as  50% 
of  the  sludge  may  disappear  owing  to  this  gasification  of 
the  cellulose  residue. 


CHAPTER  VIII. 


AEROBIC  FILTERS. 


HE  next  stage   in    the  biological  treatment  of  a 


sewage  is  to  further  purify  the  septic  tank  effluent 
by  converting  the  nitrogenous  substances  inthe  liquid 
to  nitrates  ;  in  order  to  do  this  an  entirely  different  set 
of  organisms  are  brought  into  play,  namely,  the  aerobic 
bacilli ;  these  are  organisms  that  can  only  carry  on  their 
work  in  the  presence  of  oxygen.  This  is  the  only  really 
essential  part  of  the  whole  biological  process,  the  action 
in  the  septic  tank  being  preparatory  in  nature,  and  we 
shall  see  later  that  installations  have  been  in  common 
use  in  which  the  anaerobic  organisms  play  no  part. 

The  underlying  principles  in  vogue  in  aerobic  arrange- 
ments are  too  well  known  to  require  a  long  discussion. 
Suffice  it  to  say  that  any  arrangement  whatever,  which 
brings  the  effluent  within  the  reach  of  certain  organisms, 
that  provides  ample  surface  for  masses  of  these  organisms 
to  adhere  to,  and  which  contain  adequate  air  spaces 
between  the  various  particles,  will  nitrify  the  ammonia 
in  solution,  provided  the  effluent  is  "  dosed  "over  it  in  the 
proper  quantity. 

The  real  difficulties  of  this  subject  do  not  lie  in  the 
fundamental  principles,  as  is  the  case  in  the  septic  tank, 
but  rather  in  the  working  details  ;  such  practical  points  as 
the  best  kind  of  material,  the  best  size  to  be  used,  the  best 
way  of  getting  the  effluent  in  contact  with  the  organisms 
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in  proper  quantities,  and  the  best  way  of  providing  ne- 
cessary amount  of  oxygen  for  the  organisms,  are  the  points 
that  require  discussion.  Of  course,  there  is  a  wide  field 
of  research  in  the  subject  of  the  bacteriology  of  the 
nitrifying  organisms  themselves,  but  it  is  not  proposed  to 
deal  with  this  aspect  of  the  subject  in  this  work,  for,  as 
far  as  our  present  knowledge  goes,  such  considerations  do 
not  very  materially  affect  the  design  or  method  of  working 
of  aerobic  beds  generally. 

The  subject  as  a  whole  divides  itself  into  two  parts 
according  to  the  method  of  applying  the  effluent  to  the 
beds.    These  are  : — 

(1)  Percolating  Continuous  lilters  ; 

(2)  Contact  beds. 

A  continuous  or  streaming  filter  is  a  mass  of  material 
over  which  the  effluent  is  continuously  sprinkled,  the 
fluid  percolates  slowly  between  the  particles  ;  during  its 
passage  the  chemical  changes  take  place. 

A  contact  bed,  on  the  other  hand,  is  a  similar  mass 
of  material  placed  in  a  tank,  the  effluent  is  poured  into 
the  material  so  that  it  fflls  up  the  interspaces,  it  is  allow- 
ed to  remain  for  two  to  four  hours,  and  is  then  run  out 
of  the  bed.  As  the  level  of  the  fluid  falls,  air  is  drawn 
into  the  spaces  in  the  material,  thus  aerating  the  mass  • 
the  bed  IS  allowed  to  rest  or  recover  for  a  certain  period 
(  his  IS  known  as  the  resting  stage)  at  the  end  of  which 
It  can  be  refilled. 

The   work   of   Calmette,  Dunbar,  Fowler,  Letts 
Adeny  and    ourselves   in  India    shows  conclusively 
that  whatever  may  be  the  practical  advantages  and  disad- 

Ibtr'n     ..'"^'r  ^ '-1*^  be 

obtained  with  either,  when  apphed  to  a  suitable  sewage 
Later  on  in  this  work  a  comparison  between  results 
obtained  from  contact  beds  and  streaming  filters  will 
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be  given,  but  the  practical  good  and  bad  points  of  these 
two  methods,  as  applied  to  the  tropical  conditions,  will 
claim  the  largest  share  of  our  attention. 

Before  commencing  this  discussion  a  few  other  mat- 
ters should  be  dealt  with.  The  first  point  that  we  will 
take  up  is,  the  demonstration  of  the  fact  that  the  domestic 
sewage  of  the  tropics  does  not  differ  materially  from  that 
of  European  countries  in  the  ease  with  which  nitrification 
goes  on.  In  fact,  it  may  be  safely  said  that  the  higher 
temperature  is  distinctly  more  favourable  for  this 
process  than  the  cold  climate  of  Europe. 

A  reference  should  be  made  to  Chapter  VI  where 
results  obtained  from  two  little  model  contact  beds  have 
been  given  at  considerable  length.  These  are  set  forth 
in  Table  VlII  (a)  and  show  an  extraordinary  amount  of 
purification.  These  little  models,  which  contain,  roughly 
speaking,  "6  of  a  cubic  foot  of  material,  dispose  of  -3  gal- 
lon of  effluent  each,  the  sewage  being  a  5-gallon  one  ; 
this  is  equivalent  to  three  users  per  cubic  yard  of  mate- 
rial. These  figures  were  obtained  with  one  contact  per 
day  of  4  hours'  duration,  the  remaining  20  being  avail- 
able for  oxidation  and  recovery.  A  subsequent  series 
of  experiments  were  made,  giving  two  contacts  of  4  hours 
each  and  two  rests  of  8  hours  during  the  day.  These 
results  are  given  below — Table  VIII  {b). 

It  will  be  observed  that  the  percentage  purification 
is  very  little  decreased,  whilst  the  number  of  users  per 
cube  yard  of  material  per  day  is  now  6.  The  high  nitrate 
figure  in  the  third  sample  should  be  noticed,  showing  that 
the  beds  are  taking  on  the  extra  load  and  are  not  over- 
worked. Of  course,  it  must  be  definitely  understood 
that  these  are  laboratory  models;  it  would  not  be  advisable 
in  a  working  installation  to  make  use  of  material  that 
would  pass  ith  of  an  inch  mesh  throughout  a  bed. 
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Several  other  contact  beds  are  working'  both  in  mod- 
els and  in  working  installation  in  Bengal ;  they  will  be 
described  in  a  subsequent  chapter,  but  they  are  not  com- 
parable with  the  results  quoted  above  because,  in  the 
latter  instances,  the  sewage  has  not  had  a  preliminary 
anaerobic  treatment  in  the  tank  ;  it  is  perfectly  safe  to 
state  that,  in  spite  of  this  difference,  the  results  obtain- 
ed, support  our  original  conclusions,  viz.,  that  contact 
beds  in  the  tropics  will  give  a  good  effluent. 

Of  the  ordinary  streaming  filters  there  are  a  fair  num- 
ber in  Bengal,  the  results  of  which  have  been  carefully 
collected.  Probably  the  best  and  most  exhaustive  exam- 
ination of  the  results  obtained  from  continuous  filters 
was  carried  out  when  Dr.  Fowler  was  in  Bengal,  on  a  filter 
erected  to  his  own  design,  attached  to  the  Kanehrapara 
workshop  latrine.  His  description  of  the  bed  and 
results  are  quoted  from  his  "Septic  Tanks  in 
Bengal." 

"  The  material  used  was  hard  furnace  clinker,  and 
the  grading  was  as  follows  from  the  top  downwards:— 
6  ins.  to  pass  ^  in.  and  be  rejected  by  in. 
i8  ins.  to  pass  i  in.  and  be  rejected  by  ^"in. 
2  ft.    to  pass  2  ins.  and  be  rejected  by  i  in. 
I  ft.   to  pass  2  ins.  and  be  rejected  by  3  ins. 
T  ft.  large  pieces. 

"  The  total  depth,  it  will  be  seen,  was  6  ft. ;  the 
upper  surface  area  was  4  square  yards. 

"  The  material  was  placed  on  a  concrete  bottom 
and  the  filtered  effluent  was  collected  in  a  channel  sur' 
roundmg  the  filter  and  discharging  ultimately  into  the 
drain  carrying  the  main  flow  from  the  latrine. 

"The  whole  material  was  held  in  place  by  an 
enclosure  of  wire  netting.  ^ 

C,  SD 
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"  About  one-quarter  of  the  flow  from  the  latrine  was 
led  continuously  on  to  the  centre  of  the  filter  by  means  of  a 
galvanised  iron  channel  and  distributed  over  the  surface 
by  smaller  radiating  channels.  A  low  banking  of  fine 
material  was  arranged  to  prevent  any  of  the  liquid  flow- 
ing over  the  sides. 

"  The  filter  was  brought  into  work  on  the  3rd  of 
March  1906,  and  sampling  of  the  filtered  effluent  was 
begun  on  the  7th. 

"  In  general  the  samples  were  taken  about  8-15 
in  the  morning  (a  time  of  nearly  maximum  flow  in  the 
latrine)  and  analysed  the  same  day. 

"  On  7th  March  a  measurement  of  the  flow  was  made 
by  allowing  the  flow  to  run  into  a  3-gallon  bucket  and 
noting  the  time  of  the  filling. 

"  The  measurement  worked  out  to  a  rate  of  330  gal- 
lons per  square  yard  per  diem. 

"  From  other  measurements  it  may  be  safely  assum- 
ed that  the  average  rate  of  flow  through  the  filter  was 
certainly  200  gallons  per  superficial  yard,  or  100  gallons 
per  cubic  yard.  This  gives  nearly  4  gaflons  per  cubic 
foot,  or  I  cubic  foot  of  filtering  medium  per  person." 
[This  statement  is  not  correct,  as  a  careful  study  of 
the  conditions  of  working  show  ;  the  latrine  was  used 
more  as  a  urinal,  and  did  not  receive  its  full  quota  of 
foeces.] 

"  Samples  of  gas  were  drawn  from  the  centre  of  the 
interior  of  the  filter,  by  driving  in  an  iron  pipe,  and  aspirat- 
ing into  a  suitably  connected  Winchester  bottle,  by  run- 
ning out  the  water  with  which  it  had  been  previously 
filled. 

"  Analyses  of  the  gas  failed  to  reveal  any  appreciable 
quantity  of  carbon  dioxide.  The  aeration  of  the  filter 
was  therefore  concluded  to  be  satisfactory. 
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"  The  average  composition  of  the  tank  effluent  and 
filtrate  respectively  taking  the  mean  of  four  complete 
comparative  analyses  was  as  follows  : — 

Parts  per  100,000. 
Tank.  Filler. 

Oxygen  absorption — 

Four  hours' test  (including  Nitrites)  2-59  i-i6 

Three  minutes'  test  -go  -47 


INlTROGEN— . 

Ammoniacal 
Alburaenoid 
Nirtous  and  Nitric 

■Chlorine — 

Percentage  purification- 
Four  hours'  test 
Three  minutes'  test 
Ammoniacal  Nitrogen 
Albumenoid  Nitrogen 


5-01  -43 
•I9S  -055 

273 

5T  5-0 


55-2 

477 
91-4 
717 


"  The  samples,  with  very  few  exceptions,  were  clear 
■and  bright  m  appearance,  being  often  indistinguishable 
irom  tap  water,  even  when  in  Winchester  quart  bottles 

"  It  IS  evident,  therefore,  that  a  filter  of  this  type' 
If  not  overworked,  is  capable,  with  but  little  attention^ 
of  gmng  excellent  purification  in  the  case  of  an  efiluen; 
from  a  tank  latrme  m  satisfactory  working  order.^ 

This  will  be  sufficient  to  demonstrate  that  nitrifici 

centrated  effluents,  m  both  experimental  and  working 
mstaUations  m  continuous  filters  and  contact  beds  ^ 

in  th"/orfii;:r'"  ~  p-ts 
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Kind  of  material  to,  bk  used  for  filter  reds. 

The  best  kind  of  material  for  aerobic  beds  is  a  sub- 
stance that  is  hard,  extremely  irregular  or  spongy  in 
structtire,  so  that  the  amount  of  surface,  in  the  shape  of 
hollows  and  crannies,  is  very  much  in  excess  of  what 
would  be  the  case  supposing  the  material  was  compact 
in  structure.  The  necessity  for  the  material  being  hard 
is  obvious,  when  one  considers  that  filters  are  usually 
about  6  ft.  deep,  consequently  the  weight  of  super-im- 
posed material  on  the  lower  layers  is  very  considerable  ; 
furthermore,  the  material  must  be  able  to  resist  the  action 
of  the  sewage  itself.  If  a  large  proportion  of  the  material 
forming  a  bed  crumbles,  the  efificiency  is  very  much 
reduced  and  water-logging  may  very  easily  occur.  As 
the  action  of  the  filter  depends  on  masses  of  organisms,, 
known  as  zooglese,  it  is  apparent  that  the  more  surface 
each  piece  of  material  possesses,  the  more  organisms  will 
attach  themselves  to  it,  and,  other  things  being  equal,, 
the  more  purification  will  be  brought  about  in  the 
sewage. 

The  best  material  for  making  a  filter  bed  is  undoubt- 
edly the  hard  furnace  clinker  ;  such  a  substance  has  a 
spongy  formation,  is  very  irregular,  being  entirely  made 
up  of  irregular  hollows.  It  forms  an  ideal  material  from 
the  point  of  view  of  giving  the  maximum  surface.  Un- 
fortunately, it  is  extremely  difficult  to  obtain  a  hard 
variety  in  this  country,  the  chnker  obtained  from  Bengal 
coal  being  particularly  brittle  and  friable  and  would 
"  weather "  (that  is,  would  crumble)  if  made  into 
filters. 

Iron  stone  slag  forms  a  fair  material  for  filter 
beds,  but  unfortunately  there  is  very  fittle  of  it  available 
in  India  ;  it  is  used  in  making  a  patent  flooring  material 
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so  that  the  available  supply  is  entirely  made  use  of. 
Furthermoie,  the  material  contains  a  considerable 
amount  of  lime  salts,  which  set  like  cement  on  being 
dosed  with  sewage. 

Probably  the  best  of  the  easily  obtainable  kinds  of 
material  for  filters  is  broken  "jhama,"  or  over-burnt 
brick.  "  Jhama "  possesses  the  advantages  of  being 
hard  and  not  hkely  to  "weather,"  it  can  be  crushed 
fairly  fine,  but  the  fracture  being  rather  clean,  the 
amount  of  surface  is  relatively  very  much  smaller  than 
that  of  cHnker.  It  is,  however,  very  easily  obtainable 
m  all  parts  of  India  and  has  given  quite  good 
results. 

Ordinary  road  metal,  crushed  into  suitable  sizes,  may 
also  be  used,  but  there  again  the  disadvantage  of  the 
smoothness  of  the  pieces  is  extremely  marked,  and  con- 
sequently it  is  nothing  like  so  efficient  as  the  material 
Avith  more  surface.  An  ideal  material  from  the  point  of 
view  of  surface  would  be  the  ordinary  "kanker"  (deposits 
of  lime)  which  is  found  in  many  parts  of  India.  The 
disadvantages  of  using  this  material  are,  that,  it  is 
almost  pure  Calcium  Carbonate ;  this  tends  to  dissolve 
m  the  effluent,  precipitating  the  colloid  material,  conse- 
quently the  beds  made  of  "  kanker  "  choke  up  Mdth 
•deposit  and  give  endless  worry. 

For  the  fine  material  in  filters,  quartz  and  laterite 
gravel  or  small  mixed  pebbles  answer  fairly  weU  and 
are  fairly  easily  obtainable  in  most  parts  of  the  country  • 
laterite  must  be  well  washed  before  use,  to  get  rid  of  the 
soft  material  that  adheres  to  the  particles,  and  as  it 
contains  iron  salts,  it  is  not  as  good  as  quartz.  '  From 
what  we  have  just  said,  it  will  be  observed  that  of 
the  materials  available  in  India  none  are  extremely 
satisfactory.  ^ 
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The  Design  of  Filter  in  relation  to  the 
grading  of  material. 


The  efficiency  of  a  filter  depends  on  the  total  effective 
surface  area  of  the  filtering  material,  provided  air  spaces 
between  the  particles  are  also  adequate.    This  being  so, 
it  is  obvious,  that,  the  smaller  the  particles  of  an  irregular 
material,  such  as  clinker,  the  greater  is  the  sum  of  the 
surface,  therefore  the  greater  is  the   amount  of  purifi- 
cation.   This  is  broadly  speaking  true,  but  it  must  be 
remembered  that  it  is  the  total  effective  surface  that  is  the 
important  factor,  and  if  the  material  is  crushed  too  fine 
or  too  much  of  this  fine  material  enters  into  the  construc- 
tion of  a  bed,  the  effective  surface  may  be  very  much  less 
in  amount  than  the  total  actual  surface.  Furthermore,, 
making   allowances  for  the  growth  of   organisms  and 
the  deposit  of  matter  from  the  effluent  on  the  filter 
material,  the  air  supply  will  not  be  satisfactory  if  too 
much  finely  crushed  material  is  massed  together  ;  in 
order  to  avoid  these  disadvantages  and  yet  get  the  max- 
imum efficiency  (that  is,  the  maximum  effective  surface 
with  proper   air  spaces)  filters  must    be  scientifically 
graded  from  above  downwards.    Another  very  practical 
consideration  must  be  mentioned,  namely,  the  satis- 
factory drainage  of  the  filter  mass.    There  must  be 
no  holding  up  of  water  in  the  body  of  the  filter;  the 
particles  of  material  must  be  wetted  with  effluent,  but  not 
submerged  in  it,  air  must  be  present  also.    In  order  to 
allow  of  free  flowing  away  of  the  effluent,  the  lower 
layers  must  be  of  large  size. 

A  reference  should  be  made  to  the  grading  of  Dr. 
Fowler's  experimental  filter.    The  gradual  passing  from 


the  large  fragment  at  the  base  of  the  bed  to  a  very  fine 
material  on  the  surface  should   be  very  particularly 
noticed  ;  in  all  scientific  grading  this  should  be  a  feature 
of  the  construction.    The  filter  in  question  never  showed 
any  sign  of  clogging,  the  drainage  was  ample  and  an  extra- 
ordinary amount  of  purification  was  obtained.    The  tank 
effluent  used  for  this  experimental  filter  contained  very 
little  suspended  matter  and  was  undoubtedly  a  good 
one,  the  tank  itself  not  receiving  its  full  quantity  of 
fceces ;  but  at  the  same  time  the  factors  which  are  really 
responsible  for  this  high  purification  were  (i)  the  quality 
of  cUnker  used,  and  (2)  the  scientific  grading  of  the  mass 
throughout. 

Unfortunately,  it  is  extremely  difficult  to  get  the 
quahty  of  material  that  was  made  use  of  in  this  filter 
(the  furnace  clinker  was  obtained  from  the  smelting 
furnace  of  the  railway  workshop  at  Kanchrapara  ;  there 
was  comparatively  little  of  it),  but  even  with  inferior 
material  a  very  high  amount  of  purification  can  be 
brought  about  provided  the  grading  is  scientific  ;  indeed, 
the  greater  the  inferiority  in  the  quahty  of  the  material] 
the  greater  care  should  be  exercised  in  the  proper 
arrangement  of  the  various  layers. 

In  order  to  demonstrate  the  importance  of  carefully 
laying  down  of  filtering  material,  reference  will  be  made 
to  several  filters,  which  are  inferior  in  point  of  design  to 
Dr.  Fowler's,  the  results  being  proportionately  unsatis- 
factory. The  filter  of  the  Lower  Hooghly  Mill 
was  remodelled  at  my  advice  in  the  following 
way  : —  ^ 

Two  beds,  both  of  20' X  20',  originally  intended  for 
contact  beds,  were  converted  into  percolating  filters,  the 
material  was  ordered  to  be  graded  as  follows  ;  in  reality 
there  was  not  much  fine  material  used.    Crushed  quartz 
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was  made  use  of,  the  smoothness  of  the  pieces  making 
a  somewhat  poor  quahty  material. 

i'  half  and  whole  bricks. 

9"  materia!  piss  2"  mesh  rtrjecled  1". 

Practically  the  whole'i 

fiher  was  made  of  this  >  18"  material  pass  1"  mesh  rejected 
size  J 

Not  put  in  i  "       "     ^"    "  " 

I  18"  ,,     i^"  and  under. 

The  results  obtained  from  these  filters  are  given 
below.  The  two  samples,  it  will  be  observed,  are  fairly 
satisfactory,  the  effluent  being  clear  and  bright  in  spite 
of  the  fact  that  the  grading  was  not  very  accurately 
carried  out.  There  is,  however,  a  large  amount  of  unnitri- 
fied  saline  ammonia  present.  These  results  were  obtained 
with  about  5  cubic  ft.  of  material  per  user  or  about  5  users 
per  cubic  yard.  This  is  very  different  from  Dr.  Fowler's 
filter  where  a  better  result  was  obtained  with  27  users 
per  cubic  yard. 


Un 

filtered. 

Filtered. 

Chlorine 

nyo' 

1 13-0* 

4  Hours'  Oxygen  value 

561 

163 

4  Hours'  Oxygen  value  after  clarification 

2'24 

1-43 

Colloid  Organic 

3"37 

20 

Nitrogen — 

Saline  and  free 

2-46 

rj7 

Albumenoid  Ammonia 

•3" 

■57 

Nitric  and  Nitrous 

Nil 

173 

Amount  of  dissolved  oxygen  left — dilution  i  in 

10 

After  24  hours 

Nil 

■47 

After  48  hours 

Nil 

The  above  may  be  looked  on  as  a  fair  sample  as  the 
flow  from  the  tank  was  about  its  maximum  when  this 
was  taken.  The  following  sample  was  taken  when  the 
flow  was  very  low,  so  that  the  results  obtained  are  better 

*  The  high  chlorine  figure  is  due  to  the  presence  of  sea  water  in  the  river. 
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than  the  average.  The  nitrate  figure  is  satisfactory, 
though  there  still  remains  too  much  saline  ammonia 
for  a  final  result. 

Lower  Hooghly    Lower  Hooghly 


Unfiltered. 

Filtered 

Chlorine  due  to  sea  water  in  river  ... 

105-0 

89-0* 

4  Hours'  Oxygen  test  ... 

5-38 

2*00 

4  Hours'  Oxygen  test  after  clarification 

2  90 

1-68 

Colloid  organic  matter  ... 

1-22 

Nitrogen- 

Saline  and  free  ... 

3  "20 

I  89 

Albuinenoid  Ammonia 

•56 

•32 

Nitric  and  Nitrous 

Nil 

J-88 

Dissolved  oxygen  left — dilution  i  in  lo 

After  24  hours  ... 

Nil 

■55 

After  48  hours  ... 

Nil 

•17 

Some  of  the  Mill  Owners  in  Bengal  expressed  the 
opinion,  that  the  fine  beds  would  not  be  a  success  on 
account  of  the  suspended  matter  in  the  effluent,  which 
would  cause  the  material  to  become    choked  ;  they 
have,  in  consequence,  installed  filters  made  up  of  very 
coarse  material.    These    filters  are  mostly  ridiculously 
small  and  give  Uttle  or  no  purification.    In  order  to  as- 
certain the  value  of  a  filter  designed  on  these  hues,  working 
with  a  tank  effluent  similar  to  what  is  usually  obtained  in 
this  country,  a  small  filter  was  constructed  at  Shamnagar 
for  exp§aaQiental  purposes ;  the  grading  was  as  follows  :— 
Drainage  layer  consisted  of  whole  bricks. 
2  ft.  "  jhama  "  that  would  pass  3"  mesh. 
2  ft.  of  "  jhama  "  crushed  to  about  the'  size  of 
rather  large  road  metal,  that  is  to  say,  the 
pieces  would  pass  a  2"  inch  mesh  but 
would  be  rejected  by  i". 
4  inches  of  fine  gravel  that  would  pass  3^  inch. 

'  The  high  chlorine  figure  is  due  lo  the  presence  of  sea  water  in  ihe  riv 
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It  will  be  observed  that  the  grading  is  not  very  scien- 
tific and  that  the  particles  are  large.  Another  reason  for 
selecting  what  is  apparently  an  indifferent  design  was, 
that  it  is  extremely  easy  to  obtain  material  of  this  size, 
and  it  is  often  very  difficult  and  troublesome  to  get  the 
"jhama"  broken  into  the  smaller  grades.  The  material 
was  simply  arranged  in  a  heap  on  a  concrete  platform, 
there  being  no  retaining  wall,  the  area  of  the  base  was 
about  6ft.  square,  the  slides  sloped  up  till  the  surface 
measured  about  3ft.  square  ;  the  depth  was  a  Httle 
under  6ft. ;  there  would  be  about  4  cubic  yards  of 
material  in  the  heap.  The  filter  was  started  up  in 
November  and  was  allowed  to  run,  in  order  to  ripen,  for 
2  months  with  60  gallons  of  effluent  per  hour.  The 
following  results  were  obtained  : — 


Tank 

Filter 

elTluent. 

effluent. 

Chlorine 

4-0 

4*0 

4  Honrs'  O.xygen  value 

4-13 

2-29 

4  Hours' Oxygen  value  after  clarification... 

2-29 

2-14 

Colloid  Organic  ... 

1-84 

•IS 

Nitrogen  — 

Saline  and  free 

6' 12 

577 

Allnimenoid  Ammonia 

•53 

•44 

Nitric  and  Nitrous 

Nil 

Nil 

Amount  of  dissolved  oxygen  left — 

After  24  hiiurs 

Nil 

•40 

After  48  hours 

Nil 

Nil 

It  will  be  observed  that  although  the  4  hours'  oxy- 
gen figure  is  considerably  reduced,  nearly  all  the  colloid 
material  being  retained  or  converted  in  the  filter,  the 
saline  ammonia  figures  remain  practically  unaltered  and 
no  nitrates  are  present  in  the  effluent.  It  is  obvious 
therefore  that  the  material  is  not  able  to  deal  with 
anything  like  this  quantity  of  effluent  per  hour. 
Consequently  the  supply  of  effluent  to  the  material  was 
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Tank 

Filter 

pfFl  iipn  f 

•  pfflnprit 

4  0 

466 

2'69 

2-48 

1-46 

2-lS 

1-23 

6-93 

5-20 

■41 

•30 

Nil 

74 

Nil 

•37 

Nil 

Nil 

cut  down  to  30  gallons  per  hour.  The  results  are  given 
below  : — 


Chlorine 

4  Hours'  Oxygen  test 

4  Hours' Oxygen  test  after  clarification  ... 
Colloid  Organic  ... 
Nitrogen — 

Saline  and  free 

Albumenoid  Ammonia 

Nitrous  and  Nitric 
Amount  of  dissolved  oxygen  left — 

After  24  hours 

After  48  hours 

Even  with  this  reduction  in  the  quantity  of  effluent 
it  will  be  apparent  that  the  final  result  is  far  from  satis- 
factory ;  there  are  over  5  parts  per  100,000  of  saline  am- 
monia and  only  74  of  nitrates,  the  nitrification  action 
being  particularly  deficient.  Thirty  gallons  per  hour  per 
day  is  about  equal  to  20  users  per  cubic  yard  per  day  of  16 
hours.  The  amount  was  further  reduced  to  15  gallons 
per  hour.    The  results  are  given  below  : — 

Sliamnagar  Shamnagar 

Tank  i  Tank  I 

unfillered.      Small  filtered. 
Chlorine  ..  ...  ...  4-6  4-8 

4  Honrs'  Oxygen  test  ...  ...  3-97  pSg 

4  Hours' Oxygen  test  after  clarification    ...  1-44 
Colloid  Organic      ..  ...  2'5^ 

Nitrogen — 

Saline  and  free 

Albumenoid  Ammonia  ...  ...  -55 

Nitric  and  Nitrous        ...  ... 

Amount  of  dissolved  oxygen  left  

After  24  hours  ...  ...  -23  --g 

Afier  48  hours  ...  -03  -gS 

This  shows  considerable  improvement,  but  the  tank 
effluent  has  improved  considerably  in  quality  in  the  last 


•90 
•99 

5-64  378 

31 
1-23 

•5< 
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•week.  This  result  is  obtained  with  about  8—10  users 
per  cubic  yard,  and  is  about  the  best  that  could  be 
■expected  from  a  bed  designed  as  above. 

Other  examples  of  unscientific  grading  and  consequent 
had  results  could  be  cited,   but  these  will  be  sufficient. 

Dr.  Fowler  has  laid  down  that  20  persons  per  cubic 
yard  per  diem  can  be  allowed  with  filters  properly  graded 
like  his  ;  we  are  inclined  to  consider  that  this  al- 
lowance is  too  high.  His  filter  gave  the  results  previous- 
ly quoted  with  27  users  per  cubic  yard,  but  the  effluent 
which  was  used  was  admittedly  a  good  one  and  was 
obtained  from  a  weak  sewage.  Further,  in  small 
experimental  filters,  proper  distribution  is  easy,  conse- 
quently abnormally  good  results  are  Hkely  to  be 
obtained  from  these  models.  In  working  installation, 
in  which  the  effluent  is  a  good  one,  and  in  which  the 
filtering  material  is  fine  and  properly  graded,  we  consider 
that  15  users  per  cubic  yard  of  material  per  diem  is  a 
safe  number.  This  leaves  a  margin  for  accidental 
variation  in  the  quality  of  the  tank  effluent. 

If,  on  the  other  hand,  the  particles  of  the  filtering 
material  are,  for  any  reason,  larger  and  the  grading 
less  carefully  ai'ranged,  the  number  of  users  per  cubic 
yard  should  be  very  much  reduced.  Thus  if  the  smallest 
pieces  used  in  any  filter  would  pass  i"  mesh  and  be  rejected 
by  I  ",  but  the  mass  of  the  material  was  larger  than  this, 
TO  users  per  cubic  yard  would  be  as  much  as  the  bed  would 
take ;  if  the  smallest  pieces  were  to  pass  2"  and  be 
rejected  by  i",  3  —5  users  would  be  sufficient.  Of  course, 
in  all  these  estimates  it  is  presumed  that  a  very  pure  and 
fully  nitrified  effluent  is  desirable,  the  results  obtained 
by  Dr.  Fowler's  filter  being  taken  as  the  standard,  but 
this  may  be  unnecessarily  high  ;  in  all  cases  the  quality 
of  the  effluent  desired  must  be  fixed  for  each  installation 
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according  to  circumstances,  particularly  bearing  in  mind 
how  the  effluent  is  to  be  disposed  of.  Thus  it  would 
obviously  be  waste  of  money  to  set  up  large  filter  beds- 
and  fully  nitrify  an  effluent,  if  it  were  passed  over  land,, 
whereas  if  it  was  to  be  discharged  into  a  small  stream,  a 
high  degree  of  purity  would  be  desirable. 


The  uksign  of  filters  in  relation  to  the 
distribution  of  the  effluent. 

The  cheapest  and  most  efficient  variety  of  percolat- 
ing filter  is  in  reahty  nothing  more  or  less  than  a  heap 
of  properly  graded  material,  standing  on  a  masonry  plat- 
form sloped  in  such  a  way  that  the  effluent  will  flow  to- 
wards the  drain.  There  is  no  real  necessity  for  enclosing 
the  material  with  a  wall,  pigeon-holed  or  solid.  The  heap- 
may  be  built  up  the  same  way  as  coal  is  stacked  in  engine 
yards  and  similar  places.  It  is  advisable  to  have  large 
pieces  round  the  outside  of  the  heap,  because  by  this, 
means  the  slope  at  which  the  finer  graded  material  will 
stand  is  considerably  increased,  and  these  large  masses, 
protect  the  inner  layers  from  the  sun  and  hot  winds. 

The  shape  and  general  arrangement  of  the  filters 
must  be  decided  according  to  the  method  of  distribution 
to  be  used.  It  will  be  noticed  in  the  grading  of  the 
filters,  previously  described,  that  in  every  instance  a 
layer  of  very  fine  material  is  placed  on  the  surface 
The  object  of  this  layer  is  to  facihtate  the  distribution  of 
the  effluent.  The  finer  the  grading  of  the  top  layer  the 
more  the  effluent  tends  to  spread  out,  and  by  the  time 
the  fluid  reaches  the  larger  material  it  is  evenly  distrib- 
uted throughout  the  mass.  This  arrangement  is  called 
by  Dr.  Fowler  a  "  controlled  "  fflter  ;  the  advantages  of 
•t  are,  that,  with  this  device,  a  very  simple  sprinkling  or 
Closing    mechanism  can  be  utilised. 
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SECTION. 


Now  m  the  design  of  filters  two  factors  must  be 
taken  into  account  :  (i)  that  the  larger  the  filter  bed 
the  more  difficult  it  is  to  distribute  the  effluent  over  it, 

without  having  re- 
course to  mechanical 
apparatus ;  {2)  the 
larger  the  pieces 
of  the  material  used 
in  the  construction 
of  filters,    the  more 
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Fig.  VIII  (a). 


accurately  must  the  dis- 
tribution be.  Hence  it  is 
obvious  that  before  decid- 
ing on  the  shape  of  filters, 
the  first  thing  to  decide 
is,  how  is  the  effluent  to 
be  sprinkled  over  the 
surface  ? 

In  Bengal,  where  the 
available  fall  is  extreme- 
ly small,  and  where  the 
mechanical  sprinlders  are 
distinctly  objectionable, 
the  ordinary  method  of 
sprinkling  is  to  make  use 
of  a  controlled  filter 
with  the  simplest  possible 
form  of  distributor. 
A  very  satisfactory 
method  of  arranging  filters 
is  shewn  in  figure  No. 
VIII  (fl). 
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Fig.  VIII  (f) — Uistribulion  arrangement  of  Lower  Hooghly 
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In  this  case  the  filtering  material  is  carefully  graded, 
the  top  layer  is  fine,  the  beds  are  arranged  side  by  side, 
they  are  long  and  thin  in  shape  and  the  distribution 
is  effected  by  a  single  line  of  unglazed  pipe  along 
the  summit.    Another  very 
satisfactory  way  of  distrib- 
uting the  effluent  is  shewn 
in  fig.  VIII  (6)  in  which  a 
sort  of  herring-bone  distrib- 
utor is  made  of  half  pipes, 
the  joints  being  open.  These 
filters  give   extremely  good 
results  when  properly  con- 
structed, the  pipes  require  a 
little  careful  adjustment,  so 
as  to  get  the  effluent  to  run 
evenly  over  the  surface  of 
the    beds,  but   when  once 
fixed  up,  give  little  or  no 
trouble  and  are  both  cheap 
and  efficient.    This  kind  of 
bed  is,    however,  slightly 
wasteful   of    material  and 
takes  up   rather   a  lot  of 
space;   but  the  advantages 
of  cheapness,  efficiency,  etc., 
preponderate  over  these  ob- 
jections. Fig.  VIII  (c)  gives 
a  plan  of  the  distribution 
arrangement  of   the  Lower 
Hooghly  Mill,    the  results 
of   which  have  already   been  quoted.    The  beds  are 

s'wted  '"V"^'''  '^''y  ^ere  con- 

structed were  orgmally  mtended  for  contact  beds.  It 
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would  have  been  distinctly  better  to  have  arranged  the 
filtering  material  in  longer  and  narrower  heaps,  but 
even  with  square  beds  these  half  pipes  give  a 
very  fairly  satisfactory  distribution.  It  is  not  advisable 
to  have  filters  too  long  or  too  large,  15  to  20  ft.  is 
sufficient  in  length,  the  width  to  be  arranged  to  accom- 
modate either  a  single  or  double  pipe  running  down 
the  surface. 

It  is  perfectly  safe  to  say,  that,  with  a  suitable 
shape  of  bed,  with  a  properly  graded  material,  and  with 
a  little  care  in  laying  these  pipes,  no  more  compHcate 
arrangement  is  necessary  in  order  to  obtain  a  very 
satisfactory  result.  Of  course  with  accurately  working 
mechanical  sprinkler  the  same  results  might  be  obtained 
with  perhaps  20%  less  material  and  possibly  33%  less 
ground  space  ;  but  for  the  small  installations  common  in 
this  country,  this  is  not  a  great  matter,  as  we  shall  see 
later,  the  disadvantages  of  mechanical  sprinklers  are 
so  verj'  great,  that  we  recommend  whenever  possible  to 
make  use  of  this  simple  and  cheap  arrangement.  We 
will  now  pass  on  the  subject  of  sprinklers. 

Sprinklers  can  be  roughly  divided  into  two  kinds,  the 
jet  (or  modification  of  the  jet  sprinkler),  and  the  mech- 
anical sprinkler.  The  jet  sprinklers  are  on  the  whole 
extremely  satisfactory,  specially  the  modification  given 
in  figure  VIII  (d).  The  disadvantage  of  this  type  of  jet 
sprinklers  is  that  it  requires  a  certain  head  of  water  to 
make  it  work  properly ;  when  this  head  is  available,  very 
good  results  are  obtained.  The  modification  of  jet 
sprinkler,  which  was  made  by  a  Mill  Manager  close  to 
Calcutta,  possesses  some  advantages  over  the  usual 
type.  In  the  first  place,  it  requires  less  head  to  work  it 
because  the  pipes  can  be  sloped  in  such  a  way  as  to 
create  a  satisfactory  fall ;  finthermore  if  sediment  tends 
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to  collect  in  the  pipe  it  can  be  easily  removed  by  removing 
the  plug  at  the  end  of  the  pipe.  This  type  of  jet  sprinkler 
can  be  very  strongly  recommended  as  being  both  cheap, 
giving  satisfactory  results,  requiring  very  little  attention. 
The  ordinary  jet  sprinkler  is  extremely  useful  in  hill 
stations  where  considerable  head  is  available. 

Dr.  Fowler  has  laid  down  the  following  conditions 
that  all  distributors  should  fulfil  : — 

(1)  "It  must  not  be  too  expensive,  either  in  first  cost 
or  up-keep,  for  the  work  it  has  to  do  (the  daily  cost  of 
some  of  power-driven  sprinklers  is  considerable). 

(2)  "  It  must  be  simple  in  construction  and  not 
easily  put  out  of  order. 

(3)  "  Its  movement  must  not  be  easily  interfered 
with  by  growth  or  suspended  matter  from  the  tank 
effiuent. 

(4)  "  It  must  not  be  readily  interfered  with  by  cli- 
matic conditions,  e.g.,  wind  or  alteration  of  temperature 

(5)  "  It  must  not,  if  relying  upon  the  incoming  efflu- 
ent for  motive  power,  require  a  greater  rate  of  flow  to 
be  mamtamed  than  the  filter  is  capable  of  efficiently 
purifying.  ^ 

(6)  "It  must  distribute  the  effluent  equally  over 
every  part  of  the  surface  of  the  filter.  " 

To  these  conditions  may  be  added  that  brass  should 
not  form  any  part  of  the  structure  of  the  sprinkler  for 
It  IS  pre  ty  certain  to  be  stolen  by  the  mill  coolies    'it  is 
extremely  difficult  to  find  any  kind  of  sprinkler  which 
eal  y  does  fulfil  all  the  above  conditions,  and  suppt  ng 
hat  engineers  have  designed  such  a  wonder,  for  s^al! 

f  ^^^^^^^^  ^^^^  'cmJ^^ 

o    mater  al  f        f         "^^^l^^t  reduce  the  quantity 
matenal  required.    These  advantages  only  become 
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of  moment  when  dealing  with  large  volumes  of  sewage 
m  crowded  locahties,  such  as  town  disposal  works  in 
Europe.  The  disadvantages  are  many  and  important : 
(i)  it  is  of  the  utmost  importance  not  to  have  any- 
thing in  connection  with  the  sewage  installation  which 
may  possibly  get  out  of  order,  or  which  may  require  the 
attention  of  anybody  but  a  sweeper  ;  (2)  a  large  number 
of  the  mechanical  sprinklers  render  it  necessary  to 
enclose  the  filter  bed  with  a  wall,  either  pigeon-holed 
or  solid;  this  increases  the  cost  of  construction  of  the 
filters  ;  (3)  sprinklers  are  distinctly  costly  things,  and 
practically  all  varieties  have  some  serious  fault,  wliich 
renders  them  unsuitable  for  this  country. 

From  considerable  experience  of  what  can  be  done 
by  the  use  of  "  controlled  "  filters,  we  are  forced  to  the 
conclusions  that  mechanical  sprinklers  play  a  purely 
ornamental  part  in  the  small  installations  in  tropical 
countries  ;  extraordinarily  good  results  have  been  obtained 
without  them,  by  the  use  of  little  care  in  the  selection 
of  size,  shape  and  the  number  of  filters,  consequently 
why  go  to  the  expense  ?  And  why  instal  an  apparatus 
which  is  sure  to  get  out  of  order  sooner  or  later,  and 
■which  no  skilled  mistry  will  touch  ? 

Before  leaving  this  subject  something  must  be 
said  about  the  automatic  "  dosing  "  appaiatus.  These  in 
our  opinion  are  more  satisfactory  than  the  mechanical 
sprinklers  because  their  action  is  much  more  positive,  and 
the  best  of  them  are  certainly  less  liable  to  get  out  of 
order.  Unfortunately,  however,  they  are  rather  costly, 
and  the  often-recurring  objection,  namely,  that  no 
native  mechanic  will  touch  them,  because  they  are  used 
in  a  sewage  installation,  still  applies. 

The  result  of  our  experience  in  this  country  with  the 
iilter  may  be  summed  up  in  a  sentence  ;  that  the  proper 
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grading  of  the  filtering  material  is  the  vital  point  in  the 
construction  of  a  filter,  if  this  is  properly  attended  to, 
particularly  if  the  filter  is  controlled  by  a  fine  layer  on 
the  surface,  very  simple  distributing  arrangement  give 
very  satisfactory  results. 


The  working  of  the  continuous  filters. 

Continuous  filters,  when  properly  designed  and  when 
once  properly  started,  require  httle  or  no  attention,  the 
flow  of  effluent  goes  on  satisfactorily  night  and  day,  there 
are  no  valves  to  open  and  shut.  It  is  not  unusual  to 
find  that  certain  mill-owners  having  two  or  more  filters 
use  them  on  alternate  days.  This  arrangement  is  not 
satisfactory,  for  if  the  two  filters  together  are  just  sufii- 
cient  to  nitrify  the  effluent  in  24  hours,  it  means  that 
each  filter  is  overworked,  or  if  one  bed  is  sufficient  for 
the  work  in  24  hours,  then  there  is  no  necessity  to  go  to 
the  expense  of  having  two. 

When  the  tanks  are  new,  they  invariably  give  out 
more  suspended  matter  than  older  tanks.  Furthermore, 
when  the  tanks  are  filling  up  with  sludge,  the  effluent 
contains  more  solid  matter  than  when  they  are  clean 
(because  the  gas  generated  stirs  up  the  sludge), 
consequently  it  is  advisable  in  new  filters  to  have  a 
large  reserve  of  fine  material,  as  frequent  scraping  may 
be  necessary  until  the  tank  has  had  time  to  ripen  ;  it 
may  be  better  to  remove  the  upper  18  inches  of  filtering 
material  altogether,  wash  it  up  and  replace  it  and  then 
add  the  controlHng  fine  layer  on  the  surface. 

From  time  to  time  it  may  be  necessary  to  rake 
over  or  even  to  scrape  the  surface  of  the  "filter,  but 
this  is  a  comparatively  simple  procedure  and  should  not 
be  required  of tener  than  once  in  a  fortnight  or  once  in 
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a  month,  if  the  tank  is  giving  a  good  effluent.  Some 
of  the  mill-owners  in  the  neighbourhood  of  Calcutta 
object  to  use  this  line  material,  believing  that  it  will 
rapidly  block  up,  due  to  the  suspended  matter  that  is 
brought  over  with  the  effluent  ;  when  such  objections 
have  been  raised,  it  is  invariably  found,  that  the  latrine 
complained  of  is  seriously  overworked  and  is  pouring 
forth  enormous  quantity  of  such  material  as  tomato- 
skin,  potato-skin  and  husks  of  rice  and  dal,  which  of 
course  choke  the  layers  of  the  filter.  The  remedy  for 
this  state  of  affairs  is  not  to  over-work  the  tank  ;  but 
in  some  old  installations  of  faulty  tank  design,  the  simple 
straining  arrangement  given  in  the  figure  VIII  (e)  maybe 
interpolated  between  the  tanks  and  the  filters.  In  this 
way  all  suspended  matter  can  easily  be  removed  and 
the  choking  of  the  top  layers  of  the  filter  beds  prevented. 
It  should  be  clearly  understood  that  the  apparatus 
shown  in  the  figure  is  not,  or  should  not  be,  an  essential 
in  a  properly  designed  septic  tank  installation,  for  we 
have  many  installations  where  no  such  arrangement 
exists,  and  which  never  suffer  from  blocking  up  of  the 
material.  This  simple  remedy  may  be  borne  in  mind  to 
correct  faulty  tank  construction. 


Advantages  of  continuous  kilters. 

From  what  has  been  said  before  it  is  obvious  that 
continuous  filters  possess  the  following  advantages  : — 

First  of  all,  they  are  cheap ;  the  only  construction  that 
is  required  (and  that  is  not  absolutely  necessary)  is  a 
masonry  floor  ;  no  retaining  walls  are  necessary. 

Secondly,  when  properly  designed,  they  contain 
absolutely  nothing  that  can  get  out  of  order. 


SECTION. 

Pipe  leading  to  filters. 


pipe. 


Pipe  for  discharge  of  sediment. 


Fire  bars. 


Outlet. 
PLAN. 

Fig.  VHI  (,). 


117 


Thirdly,  they  are  very  largely  to  automatic.  There 
is  no  necessity  to  open  and  shut  the  valves  at  stated 
intervals,  a  matter  which,  though  apparently  trifling,  is 
never  done  satisfactorily  in  the  East. 

Fourthly,  they  are  sanitary  and  do  not  give  rise  to 
nuisance  or  form  breeding  grounds  for  flies. 


CHAPTER  IX. 


THE  DESIGN  AND  ARRANGEMENT 
OF  CONTACT  BEDS. 

pOR  reasons  that  will  be  explained  later  contact  beds 
have  not  been  utilised  to  anything  like  the  same 
extent  as  continuous  filters  in  Bengal ;  consequently, 
although  careful  study  has  been  made  of  those  that  do 
exist,  our  knowledge  is  not  based  on  quite  so  much  experi- 
ence as  is  the  case  with  other  aerobic  arrangements. 

The  definition  of  contact  beds  has  already  been  given 
in  the  preceding  chapters  ;  the  main  difference  between 
this  arrangement  and  continuous  filters  is,  that,  the 
effluent  to  be  nitrified,  instead  of  being  sprinkled  over  the 
material  in  a  steady  stream,  is  allowed  to  fill  up  the  inter- 
spaces in  the  mass,  to  remain  in  this  position  for  a  fixed 
period  of  time  and  finally  to  flow  away.  During  the  period 
of  contact,  the  aerobic  organisms  are  busy  in  absorbing 
from  the  fluid  the  nitrogenous  material  upon  which 
they  exist.  In  three  or  four  hours  the  effluent  is  run 
off,  air  re-places  the  fluid  in  the  spaces  and  the  absorbed 
ammoniacal  substances  are  converted  into  nitrates,  which 
are  given  out  with  the  next  dose  of  effluent.  One  point 
is  perfectly  apparent,  namely,  that  if  the  effluent  is 
allowed  to  remain  too  long  in  the  contact  beds,  the 
aerobic  organisms,  being  deprived  of  oxygen  for  too  long 
a  time,  will  tend  to  die  and  the  activity  of  the  beds  will 
be  spoilt. 
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In  successful  contact  beds  there  must  always  be  a 
ratio  between  the  amount  of  nitrogenous  material  per  gal- 
lon of  sewage,  the  length  of  time  that  it  is  left  in  contact 
with  the  organisms  and  the  length  of  the  resting  period. 
A  study  of  the  strength  of  the  sewage,  and  a  little 
experimenting  with  the  contact  bed  to  be  used,  will  give 
the  best  arrangement  of  these  various  factors ;  thus,  in  a 
very  dilute  sewage  (say  50-gallon  sewage)  an  hour  and-a- 
half  or  two  hours'  contact  with  the  material,  and  three 
hours'  rest  for  aeration  of  the  bed  may  give  the  max- 
imum purification  desired  ;  in  this  case  no  less  than  4 
fillings  of  the  bed  in  the  24  hours  would  be  possible. 
For  a  concentrated  effluent,  such  as  we  have  in  this 
country,  with  its  enormous  quantity  of  free  ammonia 
and  other  nitrogenous  material,  a  4-hours  contact  and 
20-hours  rest  for  aeration  and  digestion  of  the  absorbed 
nitrogenous  material  may  be  necessary ;  in  this  case 
only  one  filling  per  24  hours  would  be  possible.  The 
period  of  contact  cannot  be  extended  much  above  4 
hours,  however  strong  the  sewage,  for  fear  of  drowning 
the  organisms  by  depriving  them  of  oxygen  for  too  long 
a  period. 

The  subject  of  the  best  dilution  for  contact  beds, 
the  quantity  of  material  per  user,  and  the  chemistry  of 
the  changes  generally,  will  be  discussed  at  length  in  the 
succeeding  chapters,  but  the  following  directions  for 
working  contact  beds  may  be  accepted  as  correct.  For 
effluents  derived  from  the  usual  septic  tank,  fed  with 
a  5-gallon  sewage,  whose  chemical  constitution  is  the 
same  as  those  already  described,  contact  beds  should 
always  be  designed  to  give  at  least  2  fillings  in  the 
24  hours,  the  best  timing  being  4  hours'  contact  and  8 
hours  for  aeration  or  rest.  Unless  it  be  possible  to  give 
two  fillings  to  the  beds  in  24  hours,  contact  beds  are  not 
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economical,    the  number  of  cubic   yards  of  materia 
necessary,  and  the  amount  of  ground  space  required 
makmg  the  mstallation  so  large  as  not  to  be  able  to 
compete  with  the  continuous  filters.    Having  laid  down 
the  above  condition,  we  will  now  discuss  the  various 
pomts  in  the  design  of  the  beds. 

The  Best  Material  for  Contact  Beds.~W\vs.i  has 
already  been  said  on  the  subject  of  material  for  continuous 
filters  applies  absolutely  to  contact  beds,  the  ideal  mate- 
rial being  hard  furnace  chnker  ;  this  unfortunately  is  not 
obtainable  in  India  ;  "  Jhama,"  road  metal,  quartz, 
gravel,  etc.,  have  to  be  used  as  a  substitute. 

The  Grading  of  the  Material.— In  a  contact  bed  we 
do  not  attempt  to  dose  each  part  of  the  material  with  an 
exact  quantity  of  effluent.  We  simply  fill  up  the  inter- 
spaces with  fluid  and  allow  them  to  remain  full  for  a  fixed 
period.  Consequently  the  grading  of  the  contact  bed  is 
nothing  like  of  the  same  importance  as  it  is  of  a  continuous 
filter,  but  it  is  very  necessary  to  provide  adequate 
drainage  of  the  whole  mass.  The  material  for  contact 
beds  should  be  fine,  for  the  reasons  already  given,  namely, 
that  the  finer  the  material,  the  more  the  surface,  and  the 
greater  the  purification.  Of  course,  it  must  be  stated  that 
the  finer  the  material,  the  easier  the  bed  chokes  up,  the 
more  often  it  will  require  removing  and  washing  up.  For 
this  country  we  recommend  that  the  bulk  of  the  bed  be 
constructed  of  a  material  that  will  pass  |-  an  inch  mesh 
and  be  rejected  by  Jth;  all  dust  and  finer  particles  should 
be  washed  away.  The  material  must,  of  course,  be  hard 
and  not  liable  to  crumble. 

The  drainage  of  a  bed  of  this  kind  requires  very  great 
care.  We  have  seen  several  instances  where  the  drainage 
arrangements  have  been  deficient  and  the  beds  have  not 
given  good  results,  simply  because  they  could  not  be 
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emptied  rapidly.  It  is  a  rule  in  the  construction  of  the 
beds,  which  should  never  on  any  consideration  be 
departed  from,  that  a  contact  bed  should  never  take 
longer  than  half  an  hour  to  fill,  or  half  an  hour  to  empty , 
if  it  takes  longer  than  this,  it  is  perfectly  impossible  to 
arrange  the  period  of  contact  and  rest  properly;  of  course, 
this  does  not  mean  that  the  bed  will  not  go  on  draining 
slowly  during  the  whole  of  its  resting  period,  but  90% 
of  the  total  fluid  capacity  of  the  bed  should  be  removed 
in  half  an  hour.  From  a  number  of  experiments, 
carried  out  on  the  Gouripur  installation,  the  follow- 
ing arrangement  of  drainage  has  proved  to  be  the 
best  : — 

A  double  layer  of  bricks  set  in  the  same  way  as  for 
sand  filters,  arrangement  as  shown  in  fig.  IX  (a).  It  is 
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sometimes  desirable  to  have  tongues  of  coarser  material, 
about  a  foot  square,  in  the  mass  of  finer  material.  We 
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have  found  that  ordinary  drain  pipes  without  the  bricks 
have  not  answered  well ;  unless  a  very  large  number  be 
used,  they  do  not  remove  the  effluent  sufficiently  rapidly 
from  the  bed ;  they  tend  to  choke  up  and  waterlog  the 
lower  layers. 

Material  finer  than  i"— that  is  to  say,  a  material 
that  will  pass  i  inch  mesh,  but  be  rejected  by  ^^th, 
may  be  used  for  contact  beds,  provided  the  drainage 
arrangements  are  constructed  on  the  Hues  given 
above.  Material  of  this  size,  however,  is  both  difficult 
to  obtain  and  to  manufacture  without  power-driven 
crushers.  On  the  whole,  we  consider  the  maximum 
economic  efficiency  is  to  be  obtained  from  a  slightly 
coarser  material,  namely,  that  already  mentioned, 
particles  varying  from  I-  to  -J-  inch  in  size.  Further,  if 
the  material  is  too  fine,  the  fluid  capacity  of  the  bed  is 
small  and  is  easily  reduced. 

Contact  beds  maybe  any  depth,  3 — 4  feet  is  probably 
the  best,  but  a  bed  iS  inches  deep  of  very  fine  material, 
when  properly  drained,  would  give  a  good  result  and 
may  be  indicated  in  some  places  where  fall  is  deficient. 
Beds  that  are  deeper  than  5  feet  do  not  aerate  so  well. 

Contact  beds  ma.y  be  of  any  shape  according  to 
the  circumstances  and  conditions  of  each  installation. 
In  Manchester  they  are  squares,  but  rectangular  beds  of 
any  size  answer  perfectly  well.  It  is  very  important 
to  have  adequate  filling  and  discharging  arrangements. 
It  is  recommended  never  to  use  valves  less  than  4  inches 
in  diameter  unless  the  beds  are  very  small,  for  it  is  of  vital 
importance  to  be  able  to  fill  up  and  discharge  rapidly. 
The  fluid  capacity  of  a  bed  filled  with  material  of  the  size 
described  above  will  be,  when  new,  about  33%  of  the 
total  capacity.  Unfortunately  this  capacity  tends 
to   decline  and  after  some  years'    work  will  drop  to 
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25%  to  20%  or  possibly  lower.    This  indicates  that 
the  material  of  the  bed  requires  removing,  washmg  up 
and  replacing.    With  thoroughly  satisfactory  dramage, 
with  careful  looking  after,  and  with  a  good  effluent, 
this  process  of  renovating   the  bed  should   not  be 
necessary  in  less  than  5  years;  but  careless  workmg 
of  the  beds  and  deficient  drainage  arrangements  may 
render  this  operation  imperative  in  as  short  a  time  as  2 
to  3  years.    Under  any  circumstances  when  it  is  decided 
to  make  use  of  contact  beds,   the  fact  that  washing 
up  of  the  material  will  eventually  be  necessary,  must 
be  carefully  borne   in  mind.    If  the  installation  is  a 
large  one,  the  cost  of  this  operation  is  considerable, 
and  financial  arrangement  must  be  made  accordingly. 
When  Dr.  Fowler  was  in  charge  of  the  Manchester 
works,  he  considered  that  his  contact  beds  would  require 
washing  up  every  5  years,  and,  that  removal,  washing 
and  replacement  of  crumbled  material  would  cost  i8d. 
per  cubic  yard.    Of  course,  in  a  small    installation,  to 
which  class  the  great  majority  of  those  required  in  India 
belong,  the  cost  is  much  less  important  than  the  difficulty 
in  getting  men  to  carry  out  the  work,  or  the  annoyance 
occasioned  by  having  an  installation  thrown  out  of 
work. 

On  the  surface  of  the  material  shallow  drains  as 
shown  in  the  picture,  fig.  IX  (6)  &  (c),  should  be  cut  sloped 
from  the  inlet  so  as  to  facilitate  the  filling  of  the  bed. 
These  not  only  carry  the  effluent  over  the  mass,  but  by 
this  simple  arrangement  much  suspended  matter  is 
retained  in  the  bottom  of  the  shallow  channels  and  is 
very  easily  collected  and  removed.  It  is  also  advisable  in 
some  cases  to  fill  up  the  bottom  of  these  drains  with  a 
fine  material,  such  as  a  very  coarse  sand,  or  fine  gravel, 
and  to  keep  replacing  this,  as  scraping  of  these  channels 
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is  necessary.  By  this  simple  means  a  very  large 
amount  of  material,  which  would  otherwise  find  its  way 


Slates  or  flagstones. 


Fig.  IX  (fi). 


into  the  mass  of  "clinker,"  is  retained  on  the  surface  and 
can  be  removed. 

Of  course,  as  the  beds  stand  full  of  fluid  for  a  consid- 
erable number  of  hours,  masonry  tanks  have  in  all  cases 
to  be  constructed.  The  use  of  ferro-concrete  has  reduced 
the  cost  of  construction  of  these  considerably,  but  it  is 
obvious  that  the  amount  of  masonry  required  for  a 
satisfactory  installation  of  contact  beds  is  very  consid- 
erable. 


Where  contact  beds  are  to  be  made  use  of,  it 
is  always  necessary,  in  this  country,  to  provide  an  im- 

Inlet  pipe,  slates  to  prevent  dis- 
turbance of  the  material. 


Fig.  IX  {(). 

pounding  reservoir  for  the  effluent ;  if  this  is  not  done, 
It  is  impossible  to  keep  the  timing  of  the  beds  accurate 
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and  it  is  also  impossible  to  fill  up  the  beds  rapidly. 
The  rate  of  discharge  from  a  septic  tank  may  be  only  five 
or  six  hundred  gallons  per  hour.  If  a  contact  bed  has  a 
fluid  capacity  of  two  thousand  gallons,  it  follows  that  at 
this  rate  of  flow  it  will  take  4  hours  to  fill.  It  would 
be  impossible  to  work  a  contact  bed  that  fills  so  slowly 
as  this,  for  it  would  be  impossible  to  decide  from  what 
moment  the  period  of  contact  commenced,  and  it 
would  mean  that  the  lower  layers  of  the  bed  would  be 
submerged  for  perhaps  6,  7,  or  8  hours ;  this  would  destroy 
the  action  of  the  lower  layers  and  would  cause  them 
to  choke,  thus  .interfering  with  drainage.  Hence  an 
impounding  tank  from  which  beds  can  be  rapidly  filled 
is  a  necessary  part  of  the  installation.  ■ 


Advantages  and  Disadvantages  of 
Contact  Beds. 

The  advantages  of  contact  beds  are  somewhat  few 
and  far  between.  They  have,  however,  one  decidedly 
good  point,  which  is  as  follows  :— 

A  very  satisfactory  purification  can  be  obtamed 
by  using  large  and  shallow  contact  beds,  in  places 
where  the  available  fall  is  small ;  thus,  if  the  fall  available 
was  only  3  feet,  a  system  of  carefully  constructed,  fine 
contact  beds  would  give  a  thoroughly  nitrified  and  good 
effluent,  whereas  it  would  be  almost  impossible,  with 
only  3  feet  fall,  to  get  a  satisfactory  purification  with 
continuous  filters.  A  contact  bed  18  inches  deep  will 
give  excellent  results.  A  double  contact,  m  two  shaUow 
beds  of  this  depth,  could  be  made  to  give  an  efiluent 
quite  as  satisfactory  as  that  obtained  by  the  very  best 
streaming  filters  six  feet  in  depth.     Of   course,  the 


127 


cost  of  construction  of  these  shallow  beds  would  be 
very  great,  but  it  might  be  justifiable  under  certain 
circumstances. 

(2)  Another  advantage  of  contact  beds  is,  that  they 
are  better  adapted,  due  to  the  arrangement  of  periods  of 
contact  and  periods  of  rest,  to  the  class  of  installations 
which  depend  on  aerobic  organisms  throughout.  This 
method  of  disposal  of  sewage  will  be  discussed  fully  in 
the  next  chapters,  and  the  point  will  be  better  under- 
stood after  a  description  of  these  installations  has  been 
given. 

The  disadvantages  of  contact  beds  are  numerous. 
First  of  all,  by  far  the  most  serious  objection  to  the  use 
of  contact  beds  in  the  tropics,  is  the  fact,  that  they 
require  careful  working  and  regular  opening  and  shut- 
ting of  certain  valves.  It  is  true  that  some  firms 
have  designed  arrangements  which  automatically  open 
and  close  (such  as  Adams'  mechanism),  but  these  can- 
not be  recommended  for  use  in  India.  Electrical 
apparatus  has  not  yet  been  perfected  sufficiently  to  make 
it  possible  to  open  and  shut  contact  bed  valves  by  this 
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In  India  it  is  extraordinarily  difficult  to  get  any 
individual,  who  is  either  sufficiently  intelligent  or 
sufficiently  reliable,  to  be  entrusted  with  the  opening  and 
shutting  of  the  valves  in  a  contact  bed  installation.  The 
"  sweeper  "  of  this  country  cannot  be  made  to  under- 
stand the  absolute  necessity  of  working  the  beds 
regularly  ;  a  particularly  cold  night,  or  a  heavy  down- 
pour of  ram,  is  quite  sufficient  excuse  for  not  carrying 
out  his  duties  properly.  What  can  you  expect  from  the 
class  of  man,  who  refuses  to  do  night  work,  because  he 
reports  that  he  found  a  devil  sitting  on  the  valve 
handle  ?    One  does  not  wish    to  malign  the  native 
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sweepers  of  this  country,  who  undoubtedly  have  many 
very  good  qualities,  but  accuracy  and  punctuality  in 
carrying  out  their  work  are  not  amongst  these  ;  conse- 
quently contact  beds  should  never  be  installed  in  places 
where  European  supervision  is  not  available.  From  a 
very  considerable  amount  of  experience  we  are  able  to 
state  that  it  is  practically  impossible  to  get  a  set  of  4  or 
6  contact  beds  worked  properly  by  the  ordinary  agency 
available. 

Contact  beds  are  much  more  costly  both  in  initial 
cost,  in  working  expenses  and  in  upkeep  charges, 
than  continuous  filters.  An  impounding  reservoir  is 
necessary  for  the  effluent.  Masonry  tanks  to  contain 
the  material  (even  though  they  may  be  made  in  the  most 
economical  way)  cost  a  considerable  sum  ;  the  number  of 
large  valves  is  also  a  considerable  item.  In  streaming 
filters  all  that  is  required  is  a  small  masonry  platform  and 
aheap  of  material. 

Contact  beds  vary  in  their  fluid  capacity,  and  re- 
quire periodic  washing  up.  With  a  small  installation 
such  as  we  have  in  this  country,  this  may  not  be  a  very 
great  matter  as  regards  expense,  but  it  is  a  serious  matter 
in  a  large  installation. 

The  chemical  efficiency  per  cubic  yard  of  material 
as  compared  with  streaming  filters  will  be  discussed  in 
the  next  chapters. 

From  the  above  it  is  obvious,  that,  at  any  rate  in  a 
small  installation  in  India,  a  satisfactory  design  of  stream- 
ing filter  is  the  best  under  ordinary  circumstances  ;  it 
is  both  cheaper,  more  efficient,  requires  less  attention 
than  contact  beds.  In  fact,  contact  beds  possess  so  few 
real  advantages  and  so  many  serious  objections  that 
they  cannot  be  recommended  in  India  except  under 
very  particular  circumstances. 


♦ 


CHAPTER  X. 


MISCELLANEOUS  MATTERS  CONNECTED 
WITH  THE  SEPTIC  TANK  LATRINE. 

IN  the  preceding  chapters  we  have  discussed  the 
design  of  the  latrine,  and  the  chemistry  of  the 
process  that  goes  on  in  the  tank.  There  are,  however, 
a  few  very  important  minor  matters  which  require 
comment. 

Latrine  accommodation  necessary  for  a 
given  population. 

Since  the  installation  of  self-recording  turnstiles  some 
very  interesting  figures  have  been  recorded  by  some 
of  the  mills.  These  enable  us  to  state,  with  a  reasonable 
amount  of  certainty,  what  proportion  of  the  population 
of  the  jute  mills  visit  the  latrines  in  a  working  day 
The  figures  given  by  the  Standard,  Auckland,  Rehance 
and  other  mills  are  of  great  interest  and  importance  • 
they  all  agree  to  a  remarkable  extent.  It  is  not  neces- 
sary to  give  all  the  details  ;  the  conclusions  arrived 
at  are  as  follows  : — 

In  the  ordinary  jute  mill,  working  from  5  in  the 
morning  till  8  in  the  evening,  the  labour  working  in 
3  shifts,  about  86%  of  the  total  population  use  the  lat- 
nnes  where  separate  urinals  are  provided  ;  but  if  urinat 
mg  m  drains  of  the  mills  is  prevented,  and,  if  the  users 
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of  the  urinals  are  counted  by  the  turnstile,  and  are  in- 
cluded in  the  daily  total,  it  is  usual  to  find  that  about 
10%  or  15%  more  than  the  total  population  of  the  mill 
visit  the  latrine  ;  that  is  to  say,  that  some  persons  pay 
more  visits  than  one  in  the  working  day. 

The  great  exceptions  to  this  rule  are  the  Govern- 
ment Factories,  Railway  workshops,  where  the  labour 
is  of  much  superior  quality,  and  where  the  hours  of 
working  are  from  8  a.m.  to  5  p.m.  with  an  interval 
at  noon,  there  being  no  shift  of  workers  in  the  shops. 
From  some  very  carefully  kept  figures  in  the  Rifle 
Factory,  it  is  found  that  only  about  25%  to  33%  of  the 
total  population  use  the  latrine.  The  difference  is  very 
striking  and  is  due  to  the  fact  that  the  cooly  labour 
of  the  jute  mills,  commencing  at  5  a.m.,  attend  the 
call  of  nature  during  the  working  hours,  whereas  the 
mistries,  who  only  commence  at  8  a.m.,  have  usually  done 
this  before  arriving  at  their  work.  Similar  figures  were 
collected,  at  my  recommendation,  in  Jamalpur  Railway 
Workshops,  where  some  10,000  labourers  are  employed 
from  8  a.m.  to  5  p.m.  ;  it  was  found  that  a  httle  less  than 
33%  use  the  latrines,  separate  urinals  being  provided. 

Of  course  the  results  obtained  from  jute  mills  and 
railway  shops,  may  be  taken  as  correct  for  such 
institutions,  but  it  is  not  maintained  that  the  estim- 
ate of  the  population  using  the  latrines  is  the  same  in 
aU  parts  of  India  or  in  other  types  of  workshops.  There- 
fore when  considering  the  advisability  of  putting  in  a 
septic  tank  latrine,  one  of  the  first  points  to  be  ascertam- 
ed  is,  what  proportion  of  the  labour  under  ordinary  cir- 
cumstances visit  the  latrine  during  the  day.  Having 
ascertained  this  figure,  a  certain  amount  of  margm,  say 
10  to  15%,  should  be  allowed  above  this,  for  there  is  no 
doubt  that  septic  tank  latrines  are  distinctly  popular 
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amongst  the  cooly  class,  and  deferring  of  the  morning 
visit  till  working  hours  is  sometimes  observed. 

The  number  of  seats  to  be  provided  for  any  mill 
should  be  about  one  seat  to  every  50  workers  ;  thus  in 
an  ordinary  jute  mill,  with  a  population  of  2,000  hands, 
100%  of  whom  will  probably  use  the  latrine,  at  least  40 
seats  should  be  provided.  This  does  not  seem  a  very 
liberal  allowance,  but  it  should  be  remembered  that  there 
is  never  more  than  two  shifts,  that  is,  two-thirds  the  total 
population  of  the  mill,  working  at  one  time.  If  on 
the  other  hand,  the  institution  is  a  workshop,  where 
only  about  600  out  of  the  total  2,000  people  will  use 
the  latrine,  15  to  20  seats  will  be  sufficient. 


Points  to  bk  considered  in  deciding  whether 
TO  instal  a  septic  tank  latrine. 

From  what  has  already  been  said,  it  is  obvious  that 
two  or  three  fundamental  questions  require  satisfactory 
answering,  before  it  is  possible  to  decide,  whether  a  septic 
tank  latrine  is  suitable  to  the  conditions  of  any  given 
place  or  community.    These  questions  are— 

(1)  Is  the  water-supply  adequate  for  the  present 

needs  of  the  population  and  for  the  latrine  ? 

(2)  Is  there  a  sanitary  and  easy  method  of  getting 

rid  of  the  effluent  ? 


(i)  Water-supply. 


Sufficient  has  already  been  said  on  the  absolute 
necessity  of  having  a  really  adequate  supply  of  water  for 
a  septic  tank  latrine.  If  there  is  any  real  doubt  as  to 
whether  the  supply  of  a  town  will  be  able  to  meet  the 
demand,  this  point  should  be  finally  settled  before  this 
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matter  is  allowed  to  proceed  further.  Septic  tank  lat- 
rines, as  designed  by  us,  do  not  theoretically  require  a  very 
large  supply  of  water ;  thus  a  latrine  for  2,000  people 
should  require  10,000  gallons  of  water  ;  as  a  matter  of 
fact,  nothing  less  than  15,000  gallons  should  actually 
be  available.  Our  experience,  obtained  by  gauging 
the  quantity  of  effluent  passing  through  a  latrine  in 
this  country,  shows,  that  the  consumption  of  water  is 
more  than  was  expected.  This,  in  most  cases,  is  due 
to  defective  flushing  apparatus,  which  wastes  water. 
With  properly  designed  automatic  apparatus  this  error 
can  be  largely  eliminated. 

In  towns  without  a  filtered  supply  the  water  may  be 
obtained  from  a  neighbouring  tank,  but  this  always  means 
a  very  considerable  increase  in  the  initial  and  working 
cost  of  a  latrine  .The  cost  to  the  latrine  may  be  somewhat 
reduced  by  making  the  pump  serve  the  double  purpose  of 
supplying  flushing  water  for  drains,  water  for  watering 
roads,  etc.,  and  in  this  way  debiting  some  of  the  cost 
to  other  municipal  departments.  When  special  pump- 
ing arrangements  have  to  be  made,  the  advisability 
of  building  4  or  5  septic  tank  latrines  for  a  part  of  a  town 
should  always  be  considered,  so  as  to  put  in  an  adequate 
pumping  plant,  and  to  reduce  the  cost  per  latrine.  Where 
the  water  is  not  taken  from  an  ordinary  town  service, 
specially  large  storage,  on  the  latrine  itself,  should  be 
provided,  so  as  to  avoid  all  chances  of  the  supply  failing 
and  to  allow  of  reduction  in  the  number  of  hours  of 
pumping  as  much  as  possible 

(2)    Final  disposal  of  the  effluent. 

It  is  not  proposed  at  this  point  to  discuss  the  relative 
advantages  of   the   various   methods   of   disposing  of 
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the  effluent ;  all  that  we  are  interested  in  at  present  is, 
to  ascertain  whether  one  of  the  many  ways  is  possible 
and  whether  it  is  free  from  objection.  Thus  the  chief 
points  necessary  to  decide  are:  (i)  Is  there  sufficient 
faU  to  carry  the  effluent  away  ?  (2)  What  sort  of 
channel  will  have  to  be  made  for  this  purpose,  and 
how  much  it  is  going  to  cost  ?  and  (3)  Is  there  any 
objection,  on  the  ground  of  nuisance  or  the  Hkelihood 
of  disseminating  diseases  in  the  method  of  disposal 
selected  ? 

The  usual  methods  of  disposing  of  the  effluent  is  to 
run  it  over  land,  or  into  rivers,  tanks  or  marshes.  But 
it  must  always  be  remembered,  that  effluent  in  itself 
is  a  dangerous  ftuid  ;  the  best  contain  a  very  large  number 
of  foecal  organisms,  and  the  possibility  of  contaminat- 
ing a  drinking  water-supply  should  always  be  kept 
in  mind. 

Of  course  10,000  gallons  of  effluent  per  diem  is  a  very 
small  quantity  and  can  usually,  with  a  little  ingenuity, 
be  disposed  of  in  some  way  or  other  without  any  danger 
to  the  pubUc  health,  but  the  chief  point  to  be  emphasised 
is,  that,  the  method  of  disposal  should  be  investigated 
and  decided  on  before  and  not  after  the  latrine  is 
constructed.  Of  course,  it  very  materially  adds  to  the 
engineering  difficulties  if  there  is  no  fall  available  in  the 
locaUty,  but  this  can  be  overcome  by  raising  the  latrine. 

There  still  remains  one  point,  and  that  is,  the 
advisability  or  otherwise  of  allowing  the  effluent  to  flow 
down  open  drains.  From  a  very  considerable  amount 
of  experience  it  is  perfectly  safe  to  say,  that  there  is 
no  objection  on  sanitary  grounds,  as  long  as  the  effluent 
is  non-putrescible,  but  it  is  occasionaUy  not  very  desirable 
for  other  reasons.  If  the  drain  into  which  it  is  proposed 
to  discharge  the  effluent  happens  to  be  an  ordinary  road- 
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side  drain,  containing  a  lot  of  suUage  and  other  material, 
which  renders  the  contents  unpleasant  looking  and  dirty, 
there  is  no  particular  darger  ;  but  if  the  effluent  is  bright 
and  clear  and  the  drain  clean,  there  is  a  possibility  of  the 
drain  contents  being  put  to  undesirable  uses.  It  must 
be  remembered  that  the  natives  of  India  judge  of  the 
quality  of  water  merely  by  its  appearance  ;  we  have 
seen  people  in  a  bazar  washing  their  clothes  and  cooking 
utensils  in  a  large  open  drain,  which  contained  a  very 
fair  proportion  of  septic  tank  effluent,  simply  because 
the  contents  were  clear,  and,  to  the  eye,  looked  per- 
fectly pure  ;  consequently  one  must  be  guided  by 
local  conditions  in  every  instance.  There  would  be  no 
harm  whatever  in  running  septic  tank  effluent  down 
some  open  drains,  but  it  would  not  be  sound  to  run  a 
large  quantity  of  clear,  bright  septic  tank  effluent 
down  an  open  drain  in  a  dry  and  arid  place,  for  in  some 
parts  of  the  country  it  would  invariably  result  in  the 
effluent  being  used  for  washing  purposes  and  probably 
being  drunk  by  the  children.  In  surroundings  such  as 
these  it  would  be  better  to  carry  the  effluent  away  in 
an  underground  sewer. 

Particular  uses  of  septic  tanks. 

In  our  introductory  chapter  we  made  a  somewhat  bold 
statement,  namely,  that  we  beheve  we  were  now  able 
to  substitute  something  more  sanitary  in  place  of  the 
ordinary  hand-removal  latrine,  with  its  evil-smelling 
attendant  carts.  Up  to  a  certain  point  there  is  no 
doubt  that  this  statement  is  correct  ;  we  will  now 
discuss  how  far  this  substitution  is  possible.  The  ad- 
vantages of  a  well-designed  septic  tank  latrine  over 
the  usual  hand-removal  latrine  are,  we  take  it,  fairly 
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obvious.  A  properly  designed  septic  tank  latrine  is 
a  thoroughly  sanitary  arrangement,  and  is  to  be  re- 
commended whenever  the  conditions  are  favourable. 
It  is  in  the  long  run  ecoromical,  for  it  does  away  with 
a  large  number  of  sweepers,  carts,  bullocks,  and  trench- 
ing staff,  that  are  necessary  for  a  hand-removal 
latrine. 

From  what  has  already  been  said  it  is  obvious  that 
a  septic  tank  latrine  is  pre-eminently  satisfactory  when  it 
is  apphed  to  a  separate  community,  such  as  the  labour 
of  a  mill  or  workshops,  the  inmates  of  a  school,  lunatic 
asylum,  jail  or  similar  institution.    It  is  in  connection 
with  places  such  as  these  that  septic  tank  latrines  came 
into  existence  in  India,  and  in  surroundings  of  this  kind, 
everything  is  favourable  for  their  installation.  Large 
workshops  must  have  plenty  of  water,  and  plenty  of 
available  power.    As  workshops  and  mills  are  frequently 
situated  on  the  banks  of  large  rivers,  there  is  little  or 
no  difficulty  with  the  disposal  of  the  effluent.  European 
supervision  is  available  on  the  spot,  and  persons  possess- 
ing highly  trained  engineering  skill  are  also  within  easy 
call.    Furthermore,  one  condition,'  which  favours  a  good 
result  in  a  septic  tank  latrine,  is  the  regularity  with 
which  it  is  used  by  a  known  number  of  persons  per  diem. 
At  one  time  in  the  course  of  our  expeiience  probably 
undue  stress  was  laid  upon  this  point,  but  since  we 
have  discovered  the  enormous  amount  of  purification 
which  goes  on  in  the  grit  chamber,  it  is  possible,  by 
sUghtly  altering  the  design,  to   make  a  latrine  much 
less  susceptible   to  these   variations  in   the  number 
of  users.    Hence  it  is  perfectly  safe  to  say  that  for  such 
institutions  as  mills,  workshops,  etc.,  the  problem  of  the 
best  method  of  disposal  of  the    night-soil    has  been 
solved. 
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But  all  Sanitarians  of  experience  know,  that,  unless 
this  particular  design  of  latrine  can  be  adapted  to  the  needs 
of  towns,  the  net  amount  of  sanitary  improvement  to 
the  community  at  large  will  be  extremely  small.  The 
real  question  we  are  interested  in,  is,  can  we  do 
something  for  the  towns,  which  will  be  cheaper  than 
installing  a  water  carriage  system,  and  which  will  remove 
the  objections  to  the  hand-removal  system  ?  It  is  when 
discussing  the  question  from  this  standpoint,  that  the 
disadvantages  of  the  septic  tank  latrine  became  rather 
apparent. 

Firstly,  in  how  many  places  in  India  can  the  two 
fundamental  queries  mentioned  above  be  answered  in 
the  affirmative  ?  That  is  to  say,  in  how  many  places 
is  there  an  adequate  supply  of  water  and  suitable 
method  of  disposing  of  the  effluent  ?  These  two  con- 
ditions, in  a  dry  country  like  India,  where  water  is 
extremely  scarce,  are  sufficient  to  rule  out  an  enormous 
number  of  localities. 

Secondly,  we  come  to  the  subject  of  cost.  A  septic 
tank  latrine  of  the  cheapest  efficient  design  for  a  popu- 
lation of,  say,  two  thousand  people,  would  cost 
Rs.  3,500 — 4,500.  If  a  special  pumping  arrangement 
is  necessary,  the  initial  cost  and  recurring  charges 
would  go  up  considerably. 

Thirdly,  the  conditions  of  working  of  a  latrine  open 
to  the  public  are  not  so  satisfactory  as  in  a  regulated 
community,  but  this  difficulty  can,  with  correct  design, 
be  minimised  considerably. 

Fourthly,  the  matter  of  supervision  of  a  latrine  is 
also  a  somewhat  serious  problem.  Even  in  a  mill,  where 
there  are  several  Europeans,  the  general  sanitary 
condition  of  the  installation  not  infrequently  leaves  very 
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much  to  be  desired.  Granting  that  it  is  possible  to 
construct  a  latrine  absolutely  correctly  designed  in  all 
parts,  to  make  it  of  indestructible  material,  to  have 
all  tne  flushing  arrangements  automatic  and  practically 
everlasting,  a  certain  amount  of  daily  supervision  is 
necessary.  A  latrine  for  the  public  use  would  be 
municipal  property,  a  sweeper  would  be  in  charge,  with 
possibly  a  Sanitary  Inspector,  instead  of  a  skilled 
engineer,  to  appeal  to  in  case  of  difficulty,  so  that  it  is 
obvious  that  a  septic  tank  latrine  for  the  public  use  is 
not  under  such  favourable  circumstances  as  those  attached 
to  mills. 

There  is,  however  another  side  of  the  picture, 
namely,  that  in  several  places  in  Bengal,  latrines  have 
been  constr.ucted  in  cooly  lines,  which  receive  exactly 
the  same  sort  of  treatment  as  would  be  accorded  to  a 
public  latrine.  Unfortunately  the  design  of  these  latrines 
leaves  very  much  to  be  desired  in  the  way  of  simplicity  ; 
they  possess  complicated  flushes  and  other  serious 
defects,  so  they  are  under  several  disadvantages.  But  on 
the  whole  they  are  a  success.  There  can  be  no  doubt 
whatever  that  they  are  an  immense  improvement  on 
the  ordinary  hand-removal  latrine.  So  that,  in  spite 
of  a  somewhat  formidable  list  of  disadvantages  against 
this  typejatrine  for  public  use,  it  will  be  observed  that 
by  far  the  most  important  of  these  is  the  question  of 
water-supply ;  all  the  others  only  require  a  httle  careful 
planning  to  overcome. 

In  building  septic  tank  latrines  for  the  pubHc,  our 
advice  is,  build  them  simple  and  build  them  large;  if 
they  are  not  to  be  an  absolute  failure,  they  must  be 
simple,  and  if  a  latrine  is  underused,  comparatively 
little  harm  will  result,  whereas  an  overused  latrine  will 
give  trouble. 
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Routine  examination  and 
care  of  the  tank. 

A  septic  tank  latrine  cannot  be  left 
entirely  to  itself  year  in  and  year  out, 
without  certain  elementary  facts  being 
ascertained  concerning  its  condition. 
The  chemical  and  physical  condition  of 
the  effluent  should  be  examined  oc- 
casionally ;  in  Bengal  analyses  of  filtered 
and  unfiltered  effluent  are  made  once  a 
quarter.  This  appears  to  be  quite  sufii- 
cient  for  aU  practical  purposes.  The 
accompanying  table  is  the  one  that 
is  used  for  the  routine  analysis.  The 
chlorine,  the  four  hours'  oxygen  absorp- 
tion from  potassium  permanganate,  and 
the  amount  of  dissolved  oxygen  remain- 
ing, are  the  chemical  tests  made  use  of  ; 
the  presence  of  nitrates  also  is  tested  for 
in  the  filtered  effluent.  These  estimations 
are  comparatively  easily  carried  out  and 
they  appear  to  be  sufficient  to  form  an 
opinion  as  to  the  quality  of  the  effluent. 

In  the  Fac- 
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Remarks  on  Physical 
character  and  sterilization 
of  effluent. 
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Clear,  slight  earthy  odour. 
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ation  shall  be  thoroughly  commenced.  If  the  effluents  do 
not  come  up  to  the  standard,  they  are  not  pure  enough 
to  pass  into  the  river  Hooghly.  The  tests  mentioned 
above  are  sufficient  to  see  if  any  effluent  fulfils  these 
conditions. 

The  amount  of  sludge  in  the  tank  should  be  measured 
monthly  ;  it  should  never  be  allowed  to  increase  more 
than  12  inches ;  it  is  better  to  run  it  off  after  6  inches 
have  accumulated.  As  a  general  rule,  the  removal  of 
sludge  does  not  require  to  be  done  more  than  once  in 
three  or  four  months.  The  sludge  is  best  measured  by 
Fowler's  section  taker,  which  is  an  ordinary  glass  tube 
provided  with  a  leather  cap  to  be  drawn  into  the 
end  of  the  tube,  vide  fig  ure  X  {a).  To  use  the  ap- 
paratus it  is  lowered  into  a  tank,  the  leather  seal  is 
pulled  into  position  and  the  apparatus  withdrawn  ; 
after  removal  you  have  a  section  of  the  tank  con- 
tents, including  scum,  clear  fluid  and  sludge ;  the  latter 
can  be  measured  in  the  tube. 

Experience  of  tanks  that  have  been  working  without 
cleaning  out  for  years  (providing  river  silt  is  not  allowed 
to  pass  into  the  tank  in  any  quantity)  shows,  that  about 
12  inches  of  sludge  at  the  inlet  and  10  inches  at  the 
outlet  is  the  maximum  usually  found.  As  a  matter  of 
fact,  there  must  be  a  steady  increase  in  the  quantity, 
but  the  increase,  not  being  very  great,  is  balanced  by 
solidification  of  lower  layers  ;  consequently,  even  though 
soundings  do  not  show  any  increase  in  the  quantity  of 
sludge,  it  is  necessary  to  open  the  sludge  valve  once  in 
three  months  in  order  to  prevent  the  consolidation  of 
the  lower  layers. 

The  disposal  of  the  sludge  has  already  been  referred 
to.  On  the  whole,  it  is  better  to  run  it  into  a  pit 
partially  filled  with  sand,  the  fluid  part  is  allowed  to 
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soak  away,  and  the  solid  material  is  buried.  Sludge 
should  not  be  run  into  a  stream,  river  or  pond.  Sludge 
from  a  septic  tank  latrine  is  always,  in  this  country, 
absolutely  odourless.  If  by  chance  the  amount  of  silt 
or  clayey  material  appears  to  be  increasing  in  any 
sludge,  frequent  removal  should  be  undertaken,  for  if 
consolidation  once  takes  place,  the  tank  may  require  to 
be  emptied  to  get  rid  of  it. 

Symptoms  of  overwork  of  the  Tank. 

A  tank  that  is  steadily  overworked  easily  discloses 
the  fact  on  chemical  analysis.  The  results  of  several 
tanks  which  have  been  shown  to  be  worked  very  much 
beyond  their  capacity  are  given  in  the  accompanying 
Table  X  (6).  The  four  hours'  oxygen  figure  shows  that  the 
effluent  is  distinctly  unsatisfactory,  whilst  the  chlorine 
figure  demonstrates  the  fact  that  the  dilution  appears 
to  be  on  the  whole  about  correct.  In  several  of  these 
latrines  another  factor  also  has  to  be  recognised,  namely, 
probably  the  design  of  the  grit  chamber  is  not  correct. 
It  is  impossible  now  to  settle  this  point  without  empty- 
ing the  tank.  In  several  of  these  mills  new  latrines 
have  been  built,  to  accommodate  the  surplus  of  users, 
and  an  improvement  in  the  quality  of  the  effluent  of 
the  old  latrine  has  taken  place  at  once.  Our  experience 
is  that  it  is  possible  to  overwork  a  well-designed,  ripe, 
septic  tank  up  to  about  25%  above  its  estimated' load' 
without  causing  any  change  in  the  quahty  of  the  effluent  • 
beyond  this  point  falling-off  is  rather  rapid.  Probably 
the  whole  question  depends  on  the  size  of  the  grit  cham- 
ber ;  if  the  grit  chamber  is  large  and  capable  of  retaining 
all  the  solid  masses,  the  falling-off  in  the  quality 
of  the  effluent  is  comparatively  small,  but  when  we  reach 
the  point  that  the  solid  foeces  pass  into  the  body  of 
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the  tank,  a  rapid  deterioration  takes  place.  Hence  it 
would  appear,  that  in  tanks  that  are  likely  to  be  used 
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very  irregularly,  it  is  weU  to  increase  the  size  of  the 
grit  chamber  from  one-eighth  to  one-sixth  of  the  total 
capacity. 
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Starting  up  a  new  tank. 

In  order  to  start  up  a  new  tank  the  method  of  pro- 
cedure should  be  as  follows  : — 

If  there  is  another  septic  tank  in  the  immediate 
neighbourhood,  it  is  advisable  to  empty,  say,  50  or  60 
buckets  of  effluent  and  sludge  into  the  new  tank 
in  order  to  inoculate  it.  Chemical  experiments  show 
that  the  ripening  of  the  tank  is  hastened  by  this 
procedure.  The  tank  should  be  then  filled  up  with  water. 
Supposing  it  is  designed  for  2,000  people,  a  hundred  users 
per  diem  should  be  allowed  to  enter  the  tank  for  one  week, 
200  the  second,  300  the  third,  400  the  fourth.  If  the  efflu- 
ent at  the  end  of  the  month  is  clear  and  non-offensive, 
half  the  total  load  may  be  put  on  at  once,  and  the  remain- 
ing half  should  be  gradually  made  to  use  the  latrine  dur- 
ing the  next  two  months.  By  this  means  a  latrine  for 
2,000  users  may  be  made  to  work  up  to  its  full  limit  within 
three  months.  The  effluent  will  at  first  be  cloudy  and 
very  likely  foecal  in  odour,  but  it  will  steadily  improve. 
As  a  rule,  it  takes  six  months  before  the  tank  gives 
its  best  results. 


CHAPTER  XI. 


THE  DISPOSAL  OF  SEWAGE  BY  AEROBIC 

BEDS  ONLY. 


HE  installation  that   has  been  constructed  at  the 


Gouripur  Jute  Mills  near  Naihati,  is  of  very  special 
interest,  not  only  because  it  does  not  make  use  of  septic 
tanks  and  is  therefore  aerobic  from  beginning  to  end, 
but  because  slate  beds  are  used  in  the  first  stage  of  the 
purifying  process.  The  installation  was  designed  by 
W.  J.  Dibdin,  Esq.,  of  London,  the  well-known  writer 
on  sewage  matters.  The  disposal  works  consist  of,  first 
of  all,  a  collecting  or  impounding  tank,  into  which 
the  sewage  from  the  latrine  is  run  ;  2ndly,  slate  beds 
constructed  on  the  well-known  lines  laid  down  by  the 
designer ;  and  3rdly,  of  a  fine  contact  bed  of  ordinary  pat- 
tern. In  the  original  specification  a  small  shallow  sand 
filter  was  also  added,  in  order  to  remove  as  many  of  the 
organisms  as  possible,  prior  to  the  passing  of  the  effluent 
into  the  river ;  this  was  never  actually  constructed,  for 
a  sterilisation  process  was  substituted.  Fig.  No.  XI  (a) 
gives  a  very  clear  idea  of  the  arrangement  of  the  installa- 
tion as  a  whole  ;  further  description  is  hardly  necessary. 
The  slate  beds  were  filled  up  with  thin  plates  made  from 
slate  debris,  that  is  to  say,  ordinary  flat  pieces  of  slate 
which  are  not  of  sufficiently  good  quality  to  be  used  for 
the  preparation  of  roofing  slates.    This  material  was 
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imported  direct  from  Wales  and  was  split  and  placed 
in  position  by  mistries  here.  Square  blocks  or  bars  of 
slate  2  inches  high  were  used  as  distance  pieces. 

The  working  conditions  as  laid  down  by  Mr.  Dib- 
din  were  as  follows  :— The  installation  was  designed  for 
8,000  people  with  12  gallons  of  water  per  user.  The 
slate  beds  were  five  in  number,  each  measuring  roughly 
3o'  X2o'x4'.  This  gives  a  capacity  of  c.  ft.  of  slate 
material  per  user  per  diem.  The  working  or  fluid  capac- 
ity of  the  bed  when  filled  with  slates  is  66%  of  the 
total  capacity  when  empty. 

The  fine  contact  beds  were  made  twice  this  size, 
that  is  to  say,  3  c.  ft.  per  user  per  diem  were  provided  ; 
the  material  in  the  contact  bed  was  to  pass  \  inch  mesh, 
but  all  dust  was  to  be  removed;  finer  particles,  that  is  to 
say,  those  that  pass  i"  to  I"  mesh  were  allowed  to 
remain. 

The  whole  of  the  system  was  to  be  filled  with 
sewage  twice  in  the  day,  8,000  people  with  a  dilution 
of  12  gallons  per  user,  giving  slightly^._^less  than  twice 
the  total  working  contents  of  the  5  beds.  These  were 
the  conditions  as  laid  down  by  Mr.  Dibdin,  and  it  is  only 
fair  to  state,  that,  as  these  have  been  very  considerably 
departed  from  in  actual  working,  he  cannot  be  held 
responsible  for  the  results. 

Several  changes  were  made  in  the  original  design  : — 
First  of  all,  when  the  installation  was  originally  con- 
structed in  1905  it  was  estimated  that  4,000  people  per 
diem  would  be  the  maximum  number  visiting  the  lat- 
rine ;  consequently  the  size  of  Mr.  Dibdin 's  beds  was 
halved.  Subsequently  electric  light  was  installed  in  the 
mill  ;  this  increased  the  number  of  working  hours  in  the 
day  very  considerably  and  necessitated  a  proportionate 
increase  in  the  number  of  hands  employed. 
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The  self-registering  turnstiles  now  show  that  on 
an  ordinary  working  day  the  number  of  users  who  visit 
the  latrine  in  order  to  defoecate  is  5,000  ;  besides  this,  it 
must  be  mentioned,  that  the  urinals  are  not  inside  the 
turnstiles,  but  the  urine  and  flush  water  passes  into  the 
same  main  drain  as  the  latrine,  so  that  the  urine  of 
an  additional  3,000  to  5,000  people  also  has  to  be  disposed 
of  by  the  installation. 

The  installation  was  taken  into  use  sometimes 
towards  the  end  of  1905  or  beginning  of  1906,  and  by 
the  August  of  1909,  the  beds  were  pretty  well  choked  up 
with  solid  material.  About  this  time  very  great  difficulty 
was  experienced  in  getting  rid  of  the  effluent  at  all. 
Some  4  or  5  fillings  per  day  became  the  usual  practice  ; 
in  order  to  lessen  the  total  quantity  of  sewage  in  the 
day,  the  water-supply  to  the  latrine  was  considerably 
reduced,  thereby  departing  from  the  12  gallons  dilution 
laid  down  by  the  desigiier.  During  the  months  from 
August  to  December  1909  the  contents  of  all  the  beds 
were  removed,  carefully  washed  up  and  replaced,  so 
that  at  the  time  when  this  enquiry  was  commenced 
(October  1909),  the  installation  was  in  a  very  satis- 
factory condition  and  is  still  being  worked  with 
considerable  success. 

A  careful  gauging  of  the  quantity  of  water  used  in 
the  latrine,  during  the  16  working  hours,  shows  that 
it  amounts  to  31,000 — 35,000  gallons  per  diem. 
This  divided  by  5,000,  the  number  of  users,  gives 
a  dilution  of  6  to  7  gallons  per  user  and  not  12 
gallons  as  was  originally  intended.  But  in  addition 
to  this  there  is  some  extra  urine.  Now  it  wfll  be 
remembered .  that  our  experimental  sewage  manufac- 
tured at  Entally,  which  forms  the  basis  of  comparison 
for   native  sewage  in  this   country,  contains  only  the 
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urine  passed  at  the  time  of  defoecating,  that  is  to  sa.y, 
about  25%  of  the  total  in  the  24  hours.  In  most  of  the 
installations  on  the  River  Hooglily  the  same  conditions 
obtain,  because,  either  the  mill  coolies  will  not  go  into 
the  latrine  to  urinate,  but  void  it  into  the  drains 
or,  urinals  are  situated  in  the  mill  compound,  which  do 
not  discharge  into  the  septic  tanks.  In  the  Gouripur 
mill,  however,  the  urinals  discharge  into  the  main  drain, 
so  that  the  urinary  constituents  in  the  Gouripur  crude 
sewage  are  probably  double  those  of  our  experimental 
sewage  manufactured  at  Entally.  Chemical  analyses  of 
the  crude  sewage  which  are  given  further  on  in  this 
chapter  confirm  this  statement. 

Another  point  must  also  be  mentioned  in  discussing 
the  Gouripur  crude  sewage.  The  latrine  at  Gouripur 
mill  is  situated  some  distance  from  the  disposal  installa- 
tion, so,  unlike  the  models  already  described,  the  sewage 
passes  down  about  100  yards  of  sewer,  before  it  reaches 
the  impounding  tank.  In  transit  a  certain  amount,  but 
not  a  very  great  deal,  of  breaking  up  action  takes  place, 
hence  the  remarks  that  have  been  made  previously,  on 
the  characteristics  of  the  sewage  entering  septic  tank 
latrines  apply,  though  to  a  somewhat  less  extent,  to  this 
installation.  Hard  masses  form  a  fair  proportion  of  the 
crude  sewage.  A  reference  to  the  analyses  of  the  crude 
sewage  in  Table  XI  {a)  shows  this  to  be  the  case  •  it  is  also 
apparent  that  both  the  chlorine  and  free  ammonia 
figures  are  very  much  higher  than  those  of  the  Entally 
sewage,  due  to  the  urine  being  about  double  in 
quantity  m  the  Gouripur  sewage. 

Whatever  the  dilution  of  the  sewage  may  be,  the 
whole  mstallation  has  to  dispose  of  thefoecal  discharges  of 
5,000  individuals  and  about  half  of  the  total  urine  passed 
m  24  hours.    With  slate  beds  of  this  size  (30x10x4) 
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gives  1-2  c.  ft.  instead  of  1-5  c.  ft.  per  individual  pcr 
diem,  as  was  laid  down  by  Mr.  Dibdin  ;  the  fine  beds  give 
about  2 "4  c.  ft.  instead  of  3  c.  ft.  per  user. 

The  results  of  analyses  in  Table  XI  (a)  were  obtained 
with  two  dosings  per  diem,  the  time  of  contact  being 
rather  more  than  4  hours  in  both  slate  and  fine  bed.  This 
should  be  carefully  noted.  The  slate  bed  was  last  washed 
up  in  Februarj'  20th,  1909.  By  gauging  the  working 
capacity  of  the  tank,  at  the  time  of  taking  these  samples, 
it  was  found  to  be  1,800  gallons  instead  of  5,000,  so 
that  the  effective  capacity  of  the  bed  had  fallen  to 
about  35%  of  what  it  should  be  when  clean.  The  slate 
bed  was,  however,  very  active. 

The  material  in  the  fine  bed  had  only  just  been 
washed  up  and  replaced,  its  capacity  was  5,000  gallons, 
so  that  it  was  obvious  that  the  contents  of  the  slate  bed 
did  not  nearly  fill  the  fine  bed.  These  conditions  of  work- 
ing, particularly  the  long  rest  in  both  beds,  must 
be  carefully  borne  in  mind  in  comparing  these 
results. 

It  will  be  observed  that  the  samples  are  taken  in 
sets  of  three  from  collecting  tank,  slate  bed  and  fine 
contact  bed.  The  action  of  the  collecting  tank  levels 
up  the  strength  of  sewage  to  some  extent  ;  but  as  the 
amount  of  water  supphed  to  the  latrine  is  the  same  for 
each  hour  of  the  day,  and  as  the  number  of  users  per  hour 
is  very  irregular,  there  is  a  considerable  variation  in  the 
strength  of  the  sewage. 

The  averages  of  samples  are  also  given  in  the  table 
for  purposes  of  comparison. 

The  total  percentage  purification  on  4  hours'  ox3^gen 
figures  gives  81 -8%.  The  slate  beds  accounting  for  the 
purification  equal  to  6o-8%,  and  the  contact  beds  further 
increase  this  to  81 '8%. 
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7-8 

I  29 

114 

■15 

•61 

•80 

•19 

3-38 

■31 

•52 

■50 

T  'AT 

3-58 

4'20 

•62 

1-51 

Nil 

Nil 

Nil 

i2-i-ro 

Slate  Bed 

7-8 

3-22 

1-58 

I '64 

I  "07 

1-50 

■43 

6-15 

•67 

Nil 

■44 

■28 

12-1-10 

Fine  Bacteria  Bed  .  . 

8-0 

1-84 

■92 

•92 

•66 

•90 

•24 

2-31 

■34 

3 '23 

•54 

■49 

18-1-10 

Collecting  Tank 

8-4 

i7'34 

437 

1 2 '97 

6-35 

696 

•61 

5'20j 

1-87 

Nil 

Nil 

Nil 

18-1-10 

Slate  Bed 

8-0 

796 

359 

4  "37 

279 

3 '25 

•46 

11-55 

I  13 

Nil 

•01 

Nil 

18-1-10 

Fine  Bacteria  Bed  . . 

7-8 

328 

2-8i 

■47 

1-55 

1-71 

•16 

6  93  ! 

72 

2-97 

■55 

•08 

25-1-10 

Collecting  Tank    . . 

7'4 

8-20 

2-II 

6 '09 

3  "40 

4  "00 

•60 

2-77' 

I '63 

Nil 

Nil 

Nil 

25-1-10 

Slate  Bed 

70 

3-22 

1-66 

1-56 

I  "00 

I  30 

•30 

5"20 

•58 

Nil 

■37 

•24 

25-1-10 

Fine  Bacteria  Bed  . . 

7'~ 

I  154 

I  *2Q 

55 

•60 

•80 

'20 

4  73  , 

•30 

2-34 

•53 

•46 

Average  c 

)f  Collecting  Tanks 

8- 14 

11 -65 

3- 15 

850 

4-78 

5-28 

•45 

4-82 

1  75 

Nil 

Nil 

Nil 

,)        ,,    Slate  Beds 

/  0 

OD 

<a  00 

180 

2  13 

33 

•75 

Nil 

•26 

•14 

,.        „    Fine  Bacteria 

•37 

Beds 

7.7 

211 

147 

•64 

•85 

106 

21 

398 

•42 

235 

•53 

Percentage  purified  of  Slate 

Bed. . 

608% 

57% 

„  Both 

818% 

76% 
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The  amount  of  colloid  material  shows  a  very  great 
reduction  in  the  slate  beds ;  this  demonstrates  conclusively 
that  the  slate  beds,  as  designed  by  Mr.  Dibdin,  are  un- 
doubtedly efficient  in  removing  a  large  quantity  of 
material  in  colloid  suspension  in  the  sewage,  when 
sufficient  time  is  allowed  for  settlement.  The  average 
figure  shows  that  about  70%  of  the  colloid  material  in 
the  crude  sewage  was  removed  by  the  slate  beds. 

The  table  gives  the  results  of  the  incubator 
test.  Si:fficient  has  already  been  said  on  the  irregularity 
of  the  results  obtained  by  this  test,  no  further  comment 
need  be  made  on  it.  But  the  results  obtained  from  the 
samples  collected  on  7th  December  1909,  bear  out  the 
general  contention  of  the  unsatisfactory  nature  of  this 
test ;  in  this  instance  a  clear,  odourless,  nitrified  effluent  is, 
according  to  this  test,  more  putrescible  than  the  crude 
sewage. 

The  nitrogen  figures  are  particularly  interesting. 
There  is  no  doubt  that  a  considerable  amount  of  virea  is 
changed  into  free  ammonia  in  the  collecting  tank,  the 
slate  beds  continue  the  action  and  also  convert  the  albu- 
menoid  substances  into  saline  ammonia.  The  amount 
of  free  ammonia  in  the  effluent  is  very  great,  the  average 
being  9-15  parts  per  100,000  ;  this  shows  how  very  strong 
the  sewage  treated  in  this  installation  really  is;  also  it 
bears  out  the  contention  that  the  amount  of  urine  in 
the  effluent  is  more  than  what  is  usually  met  with  in  our 
experimental  sewage.  The  saline  ammonia  figure  in  the 
final  effluent,  however,  is  the  one  unsatisfactory  figure 
in  this  table.  It  demonstrates  the  fact  that  the  fine 
contact  beds  fail  to  nitrify  the  whole  of  the  available 
ammonia;  they  are,  in  other  words,  overworked  in 
this  respect.  About  55%  of  free  ammonia  is  nitrified 
and  the  remainder  will  rapidly  nitrify  when  it  is  diluted 
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with  the  water  in  the  Hooghly,  but  4  parts  per  100,000 
of  free  ammonia  is  very  high  for  a  final  effluent. 

The  amount  of  nitrates  present  is  quite  satis- 
factory on  the  whole,  but  this  figure  should  be  higher, 
whilst  that  of  the  saline  ammonia  should  be  lower. 

The  amount  of  dissolved  oxygen  taken  from  dilution 
I  in  10  with  tap  water  in  24  hours  and  48  hours  show 
that  the  final  effluent,  in  respect  to  its  oxygen-seizing 
power,  is  eminently  satisfactory  for  passing  into  the  river, 
the  amount  of  oxygen  absorbed  in  these  dilutions 
being  very  small.  It  will  be  observed  that  there  is  a 
considerable  variation  in  the  amount  of  dissolved  oxygen 
absorbed  in  the  various  samples  of  slate  bed  effluents  in 
the  above  table ;  samples  taken  on  22nd  November  1909 
and  i8th  January  1910  seem  to  be  particularly  greedy  of 
dissolved  oxygen,  whereas  many  others  show  quite 
a  large  amount  left  unabsorbed  even  after  48  hours.  It 
should  be  noted  that  it  is  the  sample  that  contains  large 
quantities  of  colloid  organic  matter  that  absorb  dissolved 
oxygen  freely.  The  colloid  organic  figure  in  the 
samples  named  is  considerably  above  the  average. 
There  is  a  sort  of  parallelism  between  the  amount  of  dis- 
solved oxygen  taken  up,  and  the  amouut  of  colloid  organic 
present  in  the  effluent.  This  has  been  noticed  in  other 
instances. 

It  should  be  stated  that  the  effluent  from  the 
fine  contact  bed  is  very  clear  and  contains  very  little 
suspended  matter  ;  it  is  also  free  from  odour. 

A  further  series  of  experiments  were  recommended 
early  in  May  igio. 

In  the  instructions  for  working  this  installation  given 
by  Mr.  Dibdin,  the  following  periods  of  rest  were  prescrib- 
ed, 2  hours'  rest  in  the  slate  bed  and  4  hours'  in  the  fine 
bed,  the  sewage  to  be  of  the  dilution  of  12  gallons  per  user. 
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Table  XI  (b). 
GOURIPUR  THREE   FILLINGS   I2-GALLON  SeWAGE. 


1 

4  Hours' 

4  Hours' 
Oxygen  value 
after  clarifica- 
tion. 

Colloid 
Organic. 

NlTBOGKN. 

Amount  of  dissolv- 
ed Oxygen  left. 

Date. 

Origin. 

Chlor 

INE. 

Oxygen 
value. 

Saline  and 
free. 

Albumenoid 
Ammonia. 

Nitric  and 
Nitrous. 

A  fter  24 
Hours. 

After  48 

Hours. 

Remarks. 

25-5-10 

Collecting  Tank 

4- 

3 

5-00 

I '26 

374 

2  "46 

•8q 

V 

Nil 

Nil 

Nil 

do. 

Slate  Bed 

4- 

Z 

4-27 

I -08 

3"I9 

4t6 

•71 

Nil 

Nil 

Nil 

do. 

Fine  Bacteria  Bed 

4'( 

) 

•82 

•82 

Nil. 

1-41 

•21 

'50 

Jo 

26-5-10 

Collecting  Tank 

3i 

G'oi 

174  , 

4-27 

2'2I 

•93 

Nil 

Nil 

Nil 

do. 

Slate  Bed 

3-i 

i 

5-84 

174 

4"io 

3-20 

•85 

Nil 

Nil 

Nil 

do. 

Fine  Bacteria  Bed 

3'< 

1-43 

I '33 

TO 

1-23 

■35 

■66 

•48 

•29 

Average  of  Collecting  Tanks 

3  J 

3 

5  50 

1  50 

400 

1 

i33 

91 

Nil 

Nil 

Nil 

Average  of  Slate  Beds 

4 

D 

5  05 

1  41 

364 

5 

3  68 

•78 

Nil 

Nil 

Nil 

Average  of  Pine  Bacteria  Bed 

31 

5 

1  12 

107 

05 

L  32 

28 

61 

53 

•42 
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An  endeavour  was  made  to  see  what  results  could 
be  obtained  from  the  instaUation  worked  exactly  on  the 
lines  laid  down  by  the  designer.  There  was,  however, 
one  very  small  difference,  viz.,  that  if  the  mstallation 
had  been  working  with  clean  beds,  2  hllings  per  24  hours 
would  have  sufficed  to  have  disposed  of  the  total  sewage 
in  24  hours.  At  this  time,  the  working  capacity  of 
the  beds  had  considerably  decreased,  so  that  3  fillings 
per  24  hours  were  required,  but  the  periods  of  contact 
were  kept  as  above.  The  results  are  given  in  Table 
XI  (b).  The  following  points  in  these  analyses  should 
be  carefully  noted  : — 

(1)  Of  course,  the  sewage  is  now  comparatively  dilute, 
it  being  a  true  12-gallon  sewage.  Further,  at  this  time 
of  the  year  there  is  probably  less  urine  in  the  sewage 
than  there  was  in  November  and  December,  when  the 
results  given  in  Table  XI  {a)  were  obtained.  In  hot 
weather  the  quanity  of  urine  passed  both  by  Europeans 
and  natives  alike  is  considerably  diminished. 

(2)  The  most  striking  point  to  be  noticed  in  this 
table  is  the  great  falling-off  in  the  amount  of  purification 
carried  out  in  the  slate  beds.  This  figure  should  be  com- 
pared with  the  results  given  in  Table  XI  {a).  It  will 
be  observed  that  in  the  latter  something  like  60%  of  the 
total  purification,  calculated  on  the  4  hours'  oxygen  figure, 
was  obtained,  and  also  an  enormous  reduction  in  the 
amount  of  colloid.  In  these  recent  experiments  with 
dilute  sewage,  the  purification  effected  by  the  slate  bed  is 
very  small,  and  there  is  only  a  slight  reduction  in  the 
colloid  impurity.    This  is  due  to    two  causes : — 

(a)  The  length  of  time  in  the  slate  beds  is  now  2 
hours,  whereas  in  the  results  given  in  Table  XI  (a),  it 
was  over  4  hours  (as  one  of  the  beds  remained  full  for 
part  of  the  night,  it  is  extremely  probable,  owing  to 
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the  laziness  of  the  sweepers,  that  the  sewage  remained 
as  long  as  6  hours  in  contact  with  the  slates). 

(b)  The  bed  used  in  the  work  described  in  Table 
XI  (a)  was  old  and  was  probably  very  active  ;  the  one 
recently  experimented  on  was  a  clean  bed  and  had 
probably  not  reached  any  very  advanced  state  of  activity. 

These  two  factors  seem  to  be  responsible  for  the 
great  decrease  in  the  purification  obtained  in  the  slate 
beds. 

(3)  The  same  fact  should  be  noticed  in  Table  XI  (b) 
as  existed  in  XI  (a),  viz.,  that  although  nitrification  has 
gone  on  to  a  considerable  extent,  there  still  remains  more 
saline  and  free  ammonia  than  should  be  present  in  a  good 
final  effluent. 

Further  experiments  were  tried  with  a  sewage  that 
works  out  at  g  gallons  per  user.  Two  series  of  results 
are  given,  viz.,  those  when  the  beds  were  filled  3  times  in 
the  24  hours,  and  another  when  one  filling  was  given. 
The  length  of  contact  was  the  same  as  in  the  previous 
experiment,  viz.,  2  hours  in  the  slate  bed  and  4  hours  in 
the  fine.  The  results  are  given  in  Tables  XI  (c)  and  (d). 
They  only  differ  slightly  from  the  results  given  in  Table 
XI  (b),  in  the  respect  that  the  sewage  is  somewhat  more 
concentrated.  Exactly  the  same  defects  are  obvious  in 
Tables  XI  (c)  and  {d),  viz.,  the  purification  in  the  slate 
beds  both  as  regards  4  hours'  oxygen  and  colloid  material 
is  very  slight,  and  the  final  effluent  contains  too  much 
colloid  material  and  free  ammonia  and  too  little  nitrates. 
The  difference  observed  between  Tables  XI  (c)  and  (d), 
that  is  to  say,  between  a  bed  with  3  doses  in  24  hours  and 
that  with  one,  is  not  very  marked  in  respect  to  the  quan- 
tity of  nitrates,  albumenoid  ammonia  and  saline  am- 
monia. But  there  is  a  very  considerable  f  alling-off  in  qual- 
ity in  the  4  hours'  oxygen  figure,  when  3  fillings  are  given 
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Table  XI  {c). 
GOURIPUR  THREE  FILLINGS  g-GALLON  SeWAGE. 


Date. 

Origin. 

1 

Chlorine. 

1 

4  H 

Oxj 
val 

ours' 
gen 
ue. 

4  Hours' 
Oxygen  value 
after  clarifica- 
tion. 

Colloid 
Organic. 

Nn 

'ROGEN. 

Amount  of  dissolv- 
ed Oxygen  left. 

Remarks. 

Salinp  n nrl 

free. 

Al 
A 

Jli  lliCIl  UlU 

mmonia. 

IVitric  3.nd 
Nitrous. 

Ailcr  24 
Hours. 

duller  £^0 
Hours. 

2-6-10 

Collecting  Tank 

5 '4 

10 

70 

3-59 

7-11 

473 

174 

Nil 

Nil 

Nil 

2-6-10 

Slate  Bed 

5 '2 

10 

27 

6'92 

5-94 

1-49 

Nil 

Nil 

Nil 

2-6-10 

Fine  Bacteria  Bed 

5 -2 

5 

94 

277 

3-17 

416 

•74 

■57 

Nil 

Nil 

3-6-10 

Collecting  Tank 

4-8 

9' 

73 

3'59 

614 

3-20 

I -81 

Nil 

Nil 

Nil 

3-6-10 

Slate  Bed 

4-6 

8- 

97 

3-46 

5-51 

4'oo 

1-45 

Nil 

Nil 

Nil 

3-6-10 

Fine  Bacteria  Bed 

4-6 

4' 

21 

1-62 

259 

1.23 

■69 

■32 

■34 

Nil 

Average  of  Collecting  Tanks 

51 

101 

n 

3  59 

662 

3-96 

1-77 

Nil 

Nil 

Nil 

Average  of  Slate  Beds 

49 

962 

3-40 

6  21 

497 

1-47 

Nil 

Nil 

Nil 

Average  of  Pine  Bacteria  Beds 

49 

507 

2  19 

1 

2-88 

2-69 

'71 

■44 

•17 

Nil 

I 


^^^^         Table  XI  {d). 
GOURIPUR  ONE  FILLING  9-GALLON  SeWAGE. 


Date. 

Origin. 

Chlorine. 

4  Hours' 
Oxygen 
value 

Oxygen  value 
after  clarifica- 
tion. 

Colloid 

Nitrogen. 

Amount  of  dissolv- 
ed Oxygen  left. 

Organic. 

Saline  and 
free. 

Albumenoid 
Ammonia. 

Nitric  and 
Nitrous. 

After  24 
Hours. 

After  48 
Hours. 

Remarks. 

I-6-I0 

Expt. 

Collecting  Tank 

5-2 

6-21 

2-59 

3-62 

378 

1-22 

Nil 

Nil 

Nil 

1-6-10 

Do. 

Slate  Bed 

5-8 

8-i8 

2  90 

5-28 

4-89 

1-71 

Nil 

Nil 

Nil 

I-6-10 

Do. 

Fine  Bacteria  Bed   . . 

5'0 

I '96 

'21 

1-89 

-67 

•51 

■44 

Nil 

2-6-10 

Do. 

Collecting  Tank 

5-8 

II '24 

378 

7-46 

5 '44 

I  99 

Nil 

Nil 

Nil 

2-6-10 

Do. 

Slate  Bed 

60 

9 '94 

3  "24 

5-70 

5 '20 

I  46 

Nil 

Nil 

Nil 

2-6-10 

Do. 

Fine  Bacteria  Bed   . . 

5-4 

3  "56 

1-51 

2-05 

2 '60 

•64 

•87 

■33 

Nil 

3-6-10 

Do. 

Collecting  Tank 

6-2 

13  "51 

4-21 

9 '30 

4"52 

2-01 

Nil 

Nil 

Nil 

3-6-10 

Do. 

Slate  Bed 

5-8  • 

11-89 

378 

8-II 

473 

1-76 

Nil 

Nil 

Nil 

3-6-10  1 

Do. 

Fine  Bacteria  Bed   . . 

5-0 

475 

1-83 

2-92 

2-08 

70 

•38 

■22 

Nil 

Average  of 

Collecting  Tanks  . . 

5.7 

1032 

3  52 

679 

458 

1  74 

Nil 

Nil 

Nil 

Average  of  Slate  Beds 

58 

1000 

3  30 

6  69 

494 

164 

Nil 

Nil 

Nil 

Average  of  Pine  Bacteria  Beds 

51 

342 

1  69 

1  72 

2  19 

67; 

58 

33 

Nil 
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instead  of  i.  Still  it  is  amply  demonstrated,  that,  the 
difference  between  these  sets  of  results,  is  not  anj^thing 
like  sufficient  to  make  it  necessary  to  provide  sufficient 
contact  beds  to  allow  of  only  one  contact  per  24  hours. 

The  water-supply  in  the  sewage  was  further  reduced 
in  order  to  see  if  results  could  be  obtained  similar  to 
those  given  in  Table  XI  (a).  A  sewage  which  was  some- 
thing between  5  and  6  gallons  dilution  per  user  was 
made,  and  was  dosed  into  3  separate  beds,  giving  i,  2  and 
3  fillings  per  24  hours  respectively,  into  each  bed.  On 
account  of  the  poor  results  obtained  in  the  foregoing 
analyses  the  length  of  rest  in  the  slate  bed  was  doubled,  so 
that  4  hours'  contact  in  both  slate  beds  and  fine  beds 
was  allowed.  The  average  results  only  are  given  in 
Table  XI  (e).  The  sewage  is  now  a  very  strong  one 
and  approximates  to  the  Entally  experimental  sewage 
when  "partially  mixed."  With  this  very  strong  sewage 
only  one  filling  per  day  could  be  expected  to  give  a  good 
result,  because  in  one  filling  is  contained  all  the  discharge 
of  one-fifth  of  the  number  of  users.  Of  course,  if  the 
installation  as  a  whole  was  worked  with  this  strength  of 
sewage,  the  quantity  would  be  so  small  that  only  one 
fiUing  per  bed  per  diem  would  be  required.  There  was 
no  nitrate  present,  in  the  results  obtained  from  2  to  3 
fillings,  showing  the  beds  are  greatly  overworked. 

These  results  (obtained  with  one  filling)  are  extremely 
niter esting  when  compared  with  the  results  given 
in  Tables  XI  {b),  (c)  and  (d).  It  will  be  observed  that 
due  to  the  increase  in  the  length  of  contact  in  the  slate 
beds,  there  is  very  considerable  improvement  in  the 
purification  effected  by  these  beds,  both  as  regards  the  4 
hours' oxygen  and  amount  of  colloids.  Of  course,  the 
amount  of  saline  ammonia  is  still  too  great  in  the 
final  effluent,  and  the    amount    of    nitrates  is  also 
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deficient,  but,  considering  the  concentration  of  the 
sewage,  there  can  be  no  doubt  wlaatever,  that  a  decided 
improvement  has  been  brought  about  by  increasing 
the  rest  in  the  slate  beds.  With  a  dilute  sewage  of 
12  gallons  per  user,  and  a  4  hours'  rest  in  the  slate  beds 
a  very  satisfactory  efifluent  is  obtained,  vide  the  results 
given  below.    Table  XI  (/). 

As  a  matter  of  fact,  the  results  given  in  Table  XI  [e) 
would  have  been  better  if  the  beds  had  been  allowed  to 
work  with  this  strength  of  sewage  for  a  month  prior  to 
the  samples  being  taken,  as  the  later  samples  are  con- 
siderably better  than  the  earlier  ones,  particularly  in 
respect  to  the  quantity  of  nitrates  produced.  They, 
however,  do  not  approach  in  excellence  to  those  given 
in  Table  XI  [a). 

Reviewing  the  whole  of  these  analyses,  certain 
points  stand  out  conspicuously.    They  are : — 

(i)  It  is  perfectly  evident  that  a  very  satisfactory 
result  can  be  obtained  from  this  design  of  installation 
whether  a  concentrated  or  a  more  dilute  sewage  is  used. 
On  the  whole,  we  are  inclined  to  think  that  the  optimum 
dilution,  from  the  point  of  view  of  greatest  chemical 
efficiency,  is  the  one  suggested  by  Mr.  Dibdin,  I'tz.,  12 
gallons  per  user.  But  there  are  several  practical  objec- 
tions to  this  :  {a)  When  the  beds  begin  to  choke  up  (a 
subject  which  will  be  presently  dealt  with),  2  fillings 
per  diem  for  the  whole  installation  does  not  dispose  of 
the  total  quantity  of  sewage.  Hence,  3  fillings  per 
day  and  even  more  have  to  be  resorted  to.  This 
greatly  increases  the  difficulty  of  working  the  installa- 
tion. Consequently,  we  consider  that  a  9-gallons 
dilution  is  better,  because,  it  would  not  make  it 
any  more  difficult  to  obtain  a  satisfactory  final  effluent, 
and  the  smaller  volume  of  sewage  in  the  24  hours,  would 
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Table  XI  («). 

GOURIPUR    6-GALLON  SeWAGE  WITH  4  HOQRS'  CONTACT  IN  SlATE  BEDS. 


-            —  '  

4  Hours' 

Nitrogen. 

Amount  of  dissolved 
Oxygen  left. 

Origin. 

Chlorine. 

4  Hours' 
Oxygen  value. 

Oxygen  value 
after  clari- 
fication. 

Colloid 
Organic. 

aaline 
and  free. 

Albu- 
menoid 
Ammonia 

Nitric  and 
Nitrous. 

After  24  Hours. 

After  48  Hours. 

Rbmarks. 

One  Filling- 

1 

i 

Average  of  Collecting  Tanks 

6 -60 

15-87 

417 

X17 

677 

Nil 

Nil 

Nil 

Average  01  biate  Jieas 

8-77 

2  86 

0  50 

I  4'J 

at;! 
iV  u 

Average  of  Fine  Bacteria  Beds    . . 

4  34 

I  07 

2  "46 

3  25 

ol 

I  '20 

•T  0 
10 

iSlL 

Two  Fillings- 

■ 

Average  of  Collecting  Tanks 

6 -So 

24'2I 

5 '67 

17  87 

610 

2-1^ 

Nil 

Nil 

Nil 

Average  01  biate  xseas 

Q-8^ 

6-66 

871 

1-57 

Nil 

Nil. 

Nil 

Average  of  Fine  Bacteria  Beds    . . 

i 

673 

5-36 

2-i6 

2-33 

5 '45 

I '06 

Trace 

•177 

Nil 

Three  Fillings- 

Average  of  Collecting  Tanks 

6  93 

2069 

5-13 

i5'26 

5-35 

2-37 

Nil 

Nil 

Nil 

Average  of  Slate  Beds 

673 

I4'3i 

3-56 

1073 

12-46 

2-15 

j 

Nil 

Nil 

Nil 

Average  of  Fine  Bacteria  Beds    . . 

6-66 

761 

2-47 

5 '14 

9'32 

1-24 

Nil 

Nil 

Nil 
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Table  XI  (/). 

GOURIPUR    I2-GALLON  SEWAGE,  4  HOURS'  REST  IN  SLAfTE  BEDS. 


4 

Hours' 
Oxygen 
value. 

) 

4  Hours' 

Colloid 
Organic. 

N: 

TROGEN. 

Amount  of  dissolv- 
ed Oxygen  left. 

Datk. 

Orioin. 

Chlorine. 

Oxygen 
value  after 
clarification. 

Saline 
and 
free. 

A 

Ibumenoid 
Ammonia. 

Nitric 

& 

Nitrous. 

After  24 
Hours. 

After  48 
Hours. 

Remarks, 

Collecting  Tank 

4-0 

5-6 

1-50 

4"i 

2-36 

•90 

Nil 

Nil. 

Nil 

Slate  Bed 

4-0 

3'r 

I'l 

2'0 

4"oi 

•64 

Nil 

■31 

NU 

Fine  Bacteria  Bed 

4-2 

•8 

76 

•04 

I  "20 

■25 

•84 

"53 

•48 

allow  a  certain  amount  of  margin  for  falling-of¥  in  the 
capacity  of  the  beds,  without  having  to  resort  to  3 
fillings  per  diem,  {b)  Not  many  places  in  India  can 
supply  12  or  even  g  gallons  per  user. 

(2)  Another  point  which  is  amply  demonstrated  by 
the  whole  of  these  results  is,  that  it  is  absolutely 
necessary,  when  dealing  with  an  unmixed  or  partially 
mixed  sewage,  to  give  a  longer  contact  than  2  hours 
in  the  slate  beds.  With  a  g-gallons  dilution  4  hours  in 
the  slate  beds  should  be  allowed,  for  the  above  analyses 
have  shown  that  a  satisfactory  final  effluent  can  only 
be  obtained  if  the  slate  beds  do  a  fair  share  of  the 
purification. 

(3)  In  spite  of  the  fact  that  the  beds  at  Gouripur  have 
been  worked  in  many  different  ways,  we  have  never  suc- 
ceeded in  getting  a  satisfactory  nitrification  of  the  saline 
ammonia.    The  quantity  of   saline   ammonia  in  the 
Gouripur  crude  sewage  is,  in  reality,  not  unusually  great 
as  compared  with  European  conditions,  for  only  about 
50-66%  of  the  total  urine,  passed  in  24  hours,  finds  its 
way  mto  the  sewage.    It  would,  therefore,  appear  that 
the  power  of  nitrifying  ammonia  was  in  some  way  defi- 
cient m  the  fine  contact  beds,  and,  either  these  are  too 
smal  ,  or   the   quality  of  the  material  in  them  is  not 
satisfactory.    We  consider  that  the  last  of  these  two  sup- 
rZ  Tul  P-""^'^^^  material  ,used  in  the 
va^Wrn    x/"T  ^/T'P^""     ^"^^"^^  S'^^'^'  the  particles 
furnace  Hi^l      f  "l^^"    This  is  very  inferior  to  hard 

Ziace  T'^^'  ''^'^  «f  smooth 

^urface ;  we  consider  that    the    want    of  nitrifying 

m  Z     7^  "r'        ^^^^  ^-"^  --ffi^ ' 

ev  Int  "  ''''''  ''''  "^''^'"'y^'  the  material 
T before  ;f.r^^bly  worse  than  it  should  be. 
Therefore,  we  think,  it  may  be  said  that  if  first  class 
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material  had  been  obtained,  a  very  satisfactory  purific- 
ation with  3  c.  ft.  of  material  per  user,  or  9  users  per 
c.  yd.,  would  have  resulted. 

This  completes  the  study  of  the  chemical  results 
obtained  on  the  installation.    Before  closing  this  Chapter 
there    is    another    point    which    requires  discussion, 
that  is,  the  rapidity  with  which  the  fluid  capacity  of  the 
slate  beds  decreases.    It  has  already  been  mentioned 
that  within  a  period  of  about  3  years  the  whole  of  the 
installation  had  to  be  washed  up  once,  and  portions 
of  it  twice.    Careful  record  was  kept  as  to  the  date  on 
which  the  beds  were  again  taken  into  work  after  this 
operation.     After    a  few  months'   working  the  fluid 
capacity  of  the  beds  was  gauged.    The  results  are  given 
in  Table  XI  (g).    The  total  capacity  of  the  empty  tank 
is  7,500  gallons  ;  when  filled  with  slates  it  is  66%  of  this, 
viz.,  5,000  gallons.    The  figures  given  here  are  extremely 
instructive.    One  bed  that  has  worked  for  2  years  and 
2  months  has  reduced  its  working  capacity  from  66%  to 
15-5%;  a  bed  that  has  only  been  working  4}^  months 
has  lost  about  half  its  working  capacity,  that  is  to  say,  it 
is  now  30%  instead  of  66%.    This,  to  our  mind,  consti- 
tutes the  serious  defect  in  the  whole  of  the  installation. 
Mr.  Dibdin  has  probably  never  in  his  life  seen  a  5  or  a 
i2-gallon  fresh  sewage,  and  such  a  commodity  is  altogether 
different  from  the  homogeneous  mixture  that  one  is 
accustomed  to   meet  with  in  Europe.     Whether  the 
dilution  be  5,  9  or  12  gallons  per  user,  probably  does  not 
alter  the  rate  at  which  the  beds  sludge  up,  because  there  is 
practically  no  doubt,   that  the  rapid  falling-off  in  capa- 
city is  due  to  the  hard  masses  of  foeces  and  not  to  the 
fine  material,  that  settles    as  a  layer  on  the  slates. 
If  all  the  solid  material,  retained  by  the  slate  beds,  was 
deposited  in  a  fine  layer,  "  digestion  "  would  reduce  the 


157 


u 
a. 

73 


u 

u 


<^ 

a 

ZJ 

en 

Q. 

O 

3 

_C 

tU3 

_C 

c 

"w 

R 

c 

<u 

cn 

tfi 

on 

C 

g 

nt] 

o 
£ 

o 

H\ 

e 

IM 

an 

OJ 

year- 

ess  t 

H 

\= 

;o 

fO 

H 

H 

CO 

o 


o 


0^ 
O 


O 


o 


g3 


O 


p 

b 


CT. 

t/3 

'd 

IS 

HD 

O 

ro 

-1- 

H 

H 

lO 

H 

H 

01 

H 

C 


O 
g 

_g 

vb 


'cti 


ro 


o 


01 


O 
CD 

Q 


Oj 


"P      t3  -Td 

OJ         O  OJ 

m    cq  pq 


158 


bulk  of  this,  and  the  residuum  could  be  got  rid  of  by 
flushing  the  slates  with  a  hose  ;  but  no  arrangement 
whatever  can  possibly  cope  with  solid  masses  of  f cecal 
material,  which  block  up  whole  spaces  at  a  time  and 
which  no  amount  of  flushing  will  dislodge.  From  the 
observations  given  in  Table  XI  (g),  we  consider  that 
even  if  the  beds  are  worked  on  exactly  the  lines  laid 
down  by  Mr.  Dibdin,  the  slate  will  require  removing  and 
cleansing  once  in  2  years.  This  is,  of  course,  a  very  serious 
business  and  is  the  great  defect  of  the  installation  as  a 
whole.  If  a  thoroughly  mixed  sewage,  such  as  is  obtained 
at  the  end  of  a  long  sewer,  were  used,  washing  up  would 
only  be  necessary  once  in  5  years  or  possibly  not  at  all. 


CHAPTER  XII 


THE  DISPOSAL  OF  SEWAGE  BY  AEROBIC 
BEDS  ONLY.-(Co7iid.) 

Dr.  Fowler's   Experimental  Installation. 

■^^yHEN  Dr.  Fowler  was  in  Bengal,  he  wished  to 
investigate  the  behaviour  of  an  oriental  sewage 
when  subjected  to  aerobic  treatment  only,  consequently 
a  smaU  experimental  installation  was  started  consisting 
of  a  series  of  contact  beds  without  any  septic  tank.  This 
was  fed  with  our  experimental  sewage.  The  reasons  as 
given  by  himself  for  the  selection  of  this  design  were, 
that,  septic  tanks  in  Europe  had  given  trouble  where 
considerable  variation  in  the  rate  of  flow  was  observed; 
durmg  the  period  of  minimum  flow  the  stagnation 
m  the  tank  frequently  gave  rise  to  a  great  deal  of  nui- 
sance. As  this  difiiculty  would  probably  exist  to  a 
great  extent  in  the  small  installation  in  Bengal  it 
seemed  desirable  to  ascertain  if  the  purely  aerobic  system 
which  IS  not  affected  by  variation  in  the  flow,  would 
give  better  results.  The  description  of  the  installa- 
tion^given  by  Dr.  Fowler  himself  in  his  report  is  quoted 

"  The  object  of  the  installation  being  to  study  the 
was  built  m  the  vicinity  of  the  experimental  plant 
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from  which  it  was  possible  to  obtain  the  liquid  and 
solid  excreta  of  a  specified  number  of  users. 

' '  The  experimental  plant  consisted  essentially 
of  the  following  parts,  viz.  : — 

A.  Receiving  tank. 

B.  Primary  contact  beds. 

C.  Secondary  beds  to  be  used  either  as  contact 
beds  or  continuous  filters. 

D.  Sand  filters. 

' '  The  receiving  tank  Ai  consisted  of  a  rectan- 
gular box  of  galvanized  iron.  The  dimensions  of  this 
tank  were  2  ft.  by  2  ft.  6  ins.  deep,  the  water  content 
being  8  c.  ft.,  or  50  gallons  :  equivalent  to  an  assumed 
daily  sewage  contribution  of  5  gallons  per  head  from 
10  persons. 

' '  This  tank  was  intended  to  impound  the  daily 
sewage  discharge  from  10  persons  as  described,  and  to 
be  discharged  when  full,  by  hand  through  a  conical 
vertical  plug  in  the  bottom,  into  an  inlet  or  feed  channel, 
from  which  it  can  be  admitted  at  will  by  means  of  con- 
ical wooden  plugs  to  each  of  the  primary  contact  tanks 
or  beds  in  succession. 

' '  The  primary  contact  beds  or  tanks  were  5. 
in  number,  each  3  ft-  6  ins.  by  3  ft-  6  ins.  by  2  ft.  9  ins. 
deep  (inside  dimensions). 

' '  The  filling  material  occupied  the  whole  interior 
space  of  each  tank  to  a  depth  of  2  ft.  3  ins. 

"  These  primary  beds  were  originally  intended  to 
operate  on  the  principle  of  Mr.  Dibdin's  recently  de- 
vised aerobic  slate  beds,  and  if  slate  was  unprocurable, 
it  was  proposed  to  use  thin  flat  tiles  separated  by 
wooden  laths  as  distance  pieces.  It  was  not  found  pos- 
sible to  obtain  either  slates  or  this  form  of  tiles,  it 
was  necessary,  therefore,  to  make  use  of  ordinary  bricks 
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broken  in  half,  set  carefully  at  approximately  equal 
intervals  of  about  an  inch  or  less  from  each  other,  and 
separated  horizontally  by  wooden  ' '  slats  ' '  about 
half  an  inch  in  thickness.  Tanks  Numbers  2,  4  and  5 
were  thus  filled.  Tank  No.  3  was  similarly  filled  with 
hard  broken  blue  brick,  each  broken  into  four  parts, 
while  tank  No.  i  was  filled  with  superimposed  half 
pipes.  This  last  filter  approached  most  nearly  to  the 
requirements  of  offering  the  maximum  surface  combined 
with  the  maximum  water-holding  capacity,  but  such 
material  would  be  very  costly  to  use  in  practice. 

Each  tank  was  provided  with  an  iron  stopcock 
by  which  the  contents  could  be  discharged  into  the 
corresponding  secondary  beds,  and  from  which  at  in- 
tervals, if  necessary,  the  accumulated  deposit  could  be 
sluiced  out. 

The  secondary  beds  or  tanks  were  constructed 
of  the  same  size  as  the  primary  tanks  and  of  galvanized 
iron.  The  filtering  material  varied  in  the  different 
beds  as  follows,  the  layers  being  described  from  the 
top  downwards  : — 

lA. 

3  inches  clinker  rejected  by  1/16  inch  pass  /s  inch. 
3  inches  clinker  rejected  by    >^    inch  pass  X  inch. 
6  inches  clinker  rejected  by    ^    inch  pass  K  inch 
6  inches  clinker  rejected  by  inch  pass  i  inch. 

9  inches  clinker  rejected  by  i       inch  pass  I  ^  inch. 

2A. 

12  inches  clinker  rejected  by  inch  pass  X  inch. 

12  inches  clinker  rejected  by    X    inch  pass  2  inches. 
3  inches  clinker  above  2  inches. 

3A. 

•8  inches  clinker  rejected  by    y    inch  pass  X  inch 
6  inches  clinker  rejected  by    X    inch  pass  2  inches. 
3  inches  clinker  above  2  inches. 
C,  SD 
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4A. 

3  inches  garden  soil. 
15  inches  clinker  rejected  by  Ys    inch  pass  'X  inch. 
6  inches  clinker  rejected  by    'X    inch  pass  2  inches. 
3  inches  clinker  above  2  inches. 

5A. 

3  inches  Indian  patent  stone  fines  below  %  inch,  excluding  dust. 
15  inches  Indian  patent  stone  rejected  by  >g  inch  pass  %  inch. 
6  inches  Indian  patent  stone  rejected  by  %  inch  pass  2  inches. 
3  inches  Indian  patent  stone  above  2  inches. 


' '  The  final  sand  filter  tanks  (referred  to  as  iB, 
2B,  3B,  4B  and  5B)  were  constructed  in  concrete,  sand 
from  the  waterworks,  being  placed  into  a  depth  of 
about  I  ft.  over  about  3  ins.  of  broken  brick.  The 
sand  filters  discharged  into  an  adjacent  small  pond. 
The  sand  filters  were  not  brought  into  operation  till 
the  rest  of  the  installation  had  been  some  time  in 
operation.  The  water  for  the  installation  was  pumped 
by  hand  from  a  larger  pond  or  "  tank  "  near  by. 

"  A  sample  of  this  water  was  analysed  with  the 
following  results : 


Oxygen  absorbed —  Parts  per  100,000. 

Four  hours'  test  . .  . .  -45 

Three  minutes'  test  . .  . .  "ig 

Nitrogen — 

Ammoniacal  . .  . .  '006 

Albumenoid  . .  . .  '026 

Nitrous  and  nitric           . .  .  -  '013 

Chlorine —  . .  . .  4-2 

The  routine  of  operation  was  as  follows  : — 
"  At  7  A.M.  every  morning  from  the  24th  Febru- 
ary to  24th  April  igo6,  the  excreta  from  fiye  persons 
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was  placed  in  the  receiving  tank  which  was  filled  up  with 
water  (the  dilution  per  head  being  thus  lo  gallons),  and 
its  contents  thoroughly  mixed  and  discharged  on  to  one 
of  the  primary  filters.    One  filter  was  filled  every  day  in 
turn.    After  two  hours'  contact  the   contents  of  the 
primary  filter  were  allowed  to  run  slowly  on  to  the  second- 
ary filter,  six  hours  being  occupied  in  the  operation.* 
' '  It  was  originally  intended  that  the  secondary 
filters  should  be  worked  as   continuous  percolating 
beds,  but  in  order  to  get  the  whole   of   the  material 
' '  matured  ' '  and  to  prevent  the  formation  of  channels 
in  the  material,  the  exit  stopcocks  were  kept  closed 
and  they  .were  allowed  to  fill  up  and  act  as  contact- 
filters.    As  it  was  found  that  the  greater  part  of  the 
purification  was  effected  by  the  secondary  beds,  when 
thus  worked,  this  method  of  operation  was  continued. 
The  effluent  discharged  from  them  at  3  p.m.  was,  how- 
ever, allowed  to  flow  continuously  through  the  sand 
filters,  about  two  hours  being  taken  for  this  operation." 

The  average  results  of  the  treatment,  without  the 
sand  filters,  with  a  lo-gallon  sewage  are  given  in  a 
tabular  form  below  in  Table  XII  (a). 

On  April  the  24th,  igo6,  the  foeces  and  urine  of  10 
individuals  instead  of  5  was  taken  in  order  to  make  the 
crude  sewage,  that  is  to  say,  the  sewage  was  changed  to 
a  5-gallons  dilution.  The  stronger  sewage  was  applied 
to  the  beds  in  precisely  the  same  way  as  the  former 
dilute  mixture.  The  results  obtained  in  the  months 
of  April  and  May  were  fairly  satisfactory ;  but 
shortly  after  this  several  accidents  happened,  which 
disturbed  the  working  arrangement.  First  of  all,  a 
change^took^g^ce^^  the  staff,  several  unsatisfactory 

beds.*^^^'^  ^'""^^  ^^'^  '^lia^ged.to  4  hours'^^^^t  in  both 
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servants  were  in  charge  of  the  installation,  so  that 
the  working  was  extremely  erratic;  2nd]y,  the  rainy 
season  commenced  in  Calcutta,  so  that  the  empty  tanks 
very  frequently  received  a  large  quantity  of  rain  water 
which  did  not  run  away  ;  consequently  as  the  sewage 
passed  from  the  collecting  tank  into  the  coarse  bed,  and 
from  the  brick  bed  into  the  fine  bed,  it  was  further 
diluted  with  rain  water.  The  chlorine  figures  taken 
at  this  period  show  this.  It  has,  therefore,  been 
decided  to  discard  the  whole  analyses  of  the  months 
of  August,  September  and  October  of  1906.  Some  time 
in  October  1906,  the  old  servant  at  present  in  the 
laboratory  was  appointed,  and  since  this  time  little 
or  no  variation  has  occurred  in  the  manufacture  of 
the  crude  sewage.  The  average  results  of  analyses 
made  during  November  and  December  1906  are  given 
below  (Table  XII  (&)  ),  and  can  be  relied  on  as  correct. 

By  this  time  the  installation  has  been  working  a 
little  over  twelve  months.  It  will  be  observed  that 
the  effluent  from  the  coarse  beds  in  Table  XII  (&)  is 
much  superior  to  that  given  in  Table  XII  (a),  in  spite 
of  the  doubling  of  the  strength  of  the  sewage  ;  this  is  due 
to  the  increased  length  of  contact  in  the  coarse  beds  ; 
these  beds  are  now  giving  what  may  be  called  a  fair 
purification.  The  fine  beds  still  perform  a  greater  share 
of  the  work. 

For  the  years  1907  and  1908,  I  was  absent 
from  Bengal.  During  the  whole  of  this  period, 
however,  the  installation  was  kept  going  as  described 
above.  In  April  1910,  the  study  of  the  installation 
was  resumed  and  the  results  of  analyses  obtained  are 
given  in  Table  XII  (c). 

Unfortunately  at  this  time  the  crude  sewage  was 
for  some  reason    (probably    from    defective  mixing) 
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Table  XII  (<r). 
fowler's  installation  (sewage  mixed). 


4  Hours' 

1 

1 

14  Hours' 
Oxygen 

Colloid 

Nitrogen. 

Amount  of  dissolved 
Oxygen  left. 

Origin. 

Phlorine 

Ox  V  e'en 
value. 

V    ivi  A  n  A  0( 

Date. 

value  after 
clarification. 

Organic. 

Saline  and 
free. 

Albumenoid 
Ammonia. 

Nitric  and 
Nitrous. 

After  24 
Hours. 

After  48 
Hours. 

1 1 -4-10 

_____  

Tank  No.  3  Crude 

8-2 

190 

I  in  10 

II-4-10 

do.  do.     Brick  bed     . . 

9-0 

I4'50 

5'0 

9-50 

295 

2'12 

i\  11- 

•03 

Nil 

II-4-IO 

do.  do.     Contact  bed  . . 

90 

4-80 

2-40 

2-40 

•49 

•83 

2"34 

Nil 

Nil 

1 2-4-10 

Tank  No.  4  Crude 

8-0 

18-57 

,  . 

,  , 

1 2-4-10 

do.  do.      iJnck  bea  . . 

7  ° 

8 '41 

2-83 

1-94 

Nil 

Nil 

Nil 

12-4-IO 

do.  do.       Fine  bed    . . 

7-6 

4  "95 

2 '64 

2-31 

•  -49 

-84 

A  \.\^ 

Nil 

■  Nil 

13-4-IO 

Tank  No.  5  Crude 

8-0 

1594 

.. 

I  in  20 

13.4-IO 

do.  do.      Brick  bed  . . 

7-6 

11-51 

4'05 

746 

2-46 

2-00  ' 

A/V7 
iv  ?  t 

Nil 

Nil 

13-4-IO 

do.  do.      Fine  bed    . . 

7 '4 

357 

1-58 

1-99 

•54 

■77 

2  17 

■31 

Nil 

14.4-IO 

Tank  No.  i  Crude 

7-8 

15-39 

1 4-4-10 

do.  do.      Brick  bed  . . 

7-4 

11-41 

4-46 

6-95 

2-58 

2-03 

iV  11- 

Nil 

Nil 

14-4-IO 

do.  do.      Fine  bed    . . 

7-4 

0  .5/ 

I  58 

1-79 

•49 

■74 

z  40 

■32 

Nil 

15-4-IO 

Tank  No.  2  Crude 

8-2 

16-25 

.. 

15-4-IO 

do.  do.      Brick  bed  . . 

8-0 

11-58 

4-60 

6  98 

2-58 

2 -06 

Nil 

iV  iV 

Nil 

Nil 

15-4-IO 

do.  do.      Fine  bed 
Average  of  Crude 

7-6 
80 

312 

1703 

I -06 

2 -06 

1-66 

•67 

I  -29 

•34 

Nil 

Average  of  Brick  Beds  . . 

79 

12  43 

457 

786 

2  68 

203 

A'// 

006 

Nil 

Average  of  Fine  Beds   . . 

7  8 

396 

185 

211 

73 

•77 

209 

i 

19 

Nil 
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Table  XII  (d). 
fowler's  installation  (sewage  unmixed)^ 


—  

4  Hours' 
Oxygen 
value  after 
clarification. 

Nitrogen,  j 

Amount  of  dissolvid  Oxygen 

LEFT. 

Date. 

Origin. 

Chlorine. 

4  Hours' 
Oxygen 
value. 

UOllOlu 
Organic. 

^alinp  and 
free. 

 r 

Albumeno  id 
Ammonia, 

Nitrous  and 
Nitric. 

After  24  Hours,. 

After  48 
Hours. 

Remarks. 

2-5-10 
2-5-10 
2-5-10 

Crude  (uninixed)  . . 
No.  5  Brick  bed  . . 
No.  5  Fine  bed 

8-0 
8-2 
8-0 

8-95 
13-08 

3-58 

2 -98 
1-79 

to-io 
1-79 

■3-08 
-80 

I-85  ■ 
-82 

mi 
1-97 

Nil  (i  in  20) 
•35  (I  in  20) 

Nil 
Nil 

3-5-10 
3-5-10 
3-5-10 

Crude  (unmixed)  . . 
No.  I  Brick  bed  . . 
No.  I  Fine  bed 

7-  8 

8-  2 
8-0 

14-60 
1 1 73 
275 

2-85 
•82 

8-88 
I '93 

2-14 
-67 

I -60 
•61 

Nil 
2-53 

Nil  (i  in  20) 
-44  (i  in  20) 

Nil 
-22 

4-5-10 
4-5-10 
4-5-10 

Crude  (unmixed)  . . 
No.  2  Brick  bed  . . 
No.  2  Fine  bed 

7-  8 

8-  4 

80 

15-  22 

16-  49 
8.00 

5  92 
4-00 

10-57 

4-00 

3-20 
64 

2.51 
134 

Nil 
1-44 

Nil  (i  in  20) 

AT;-/        in  ^Ci\ 

ly  I'l    \i~  111 

Nil 
Nil 

5-5-10 
5-5-10 
5-5-10 

Crude  (unmixed)  .  . 
No.  3  Brick  bed  . . 
No.  3  Fine  bed 

7-8 

7  "4 
7-6 

15-02 
4-14 

4'35 
2-90 

10-67 
1-24 

3 '46 
-86 

243 
79 

Nil 
185 

Nil  (I  in  20) 
-32  (i  in  20) 

Nil 
-15  (i  in  20) 

6-5-10 
6-5-10 
6-5-10 

Crude  (unmixed)  . . 
No.  4  Brick  bed  . . 
No.  4  Fine  bed 

8-6 
8-4 
8-4 

12-13 
8-44 
3-20 

3 '29 
1-42 

515 
1-78 

3-20 
•83 

1-49 
•64 

Nil 
1-88 

Nil  (1  in  20) 
■53  (i  in  20) 

Nil 
-33  (i  in  20) 

Average  of  Crude  (unmixed)  . . 
Average  of  Brick  beds  F  I's  .  . 
Average  of  Fine  beds  F  2's 

80 
81 
80 

11-  68 

12-  95 
4-33 

387 
2  18 

9-07 
214 

301 
•79 

1-97 
•84 

Nil 
1  93 

Ml 
•32 

Nil 
•14 
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somewhat  more  dilute  than  that  obtaining  in  1906  ;  but 
it  will  be  observed  by  comparing  the  Tables  XII  (b) 
and  XII  (c),  that  the  difference  between  the  two  is  in 
reality  extremely  small.  It  would  appear  that  the 
brick  beds  were  not  giving  as  good  purification  as  in 
1906,  but  the  final  effluent  from  the  contact  beds  is 
very  similar. 

Looking  at  the  particulars  of  these  analyses,  the 
chief  point  that  strikes  one,  is  that  the  amount  of 
colloid  matter  in  the  final  effluent  is  excessive,  and 
the  amount  of  dissolved  oxygen,  taken  up  from  a 
dilution  of  i  in  20  is  much  greater  than  it  should  be. 
We  have  already  pointed  out  that  effluents  containing 
a  large  amount  of  organic  material  in  colloid  suspen- 
sion are  greedy  of  dissolved  oxygen. 

The  nitrate  figure  is  fairly  satisfactory.  The  ap- 
pearance of  the  effluent  is  rather  milky,  and  it  has 
a  slightly  earthy  odour. 

As  a  result  of  the  investigations  on  septic  tank 
latrines,  particularly  those  relating  to  the  characteris- 
tics of  crude  sewage,  it  was  decided  that  if  an  installa- 
tion, similar  to  Dr.  Fowler's,  was  to  be  of  practical 
use,  it  was  necessary  to  give  up  intimately  mixing  the 
excreta  and  the  water,  for  this  would  never  occur  under 
actual  working  conditions  ;  consequently  our  staff 
were  ordered  for  the  future  not  to  make  a  mixture,  but 
just  to  place  the  night-soil  in  the  receiving  tank,  add 
the  water  and  give  a  stir  round.  By  this  method  the 
hard  masses  remained  intact,  and  passed  in  this  form 
into  the  coarse  beds. 

A  series  of  analyses  have  been  carried  out,  making 
use  of  this  unmixed  sewage,  and  some  very  extraordin- 
ary results  have  been  obtained.  These  will  be  found 
set  forth  in  Table  XII  [d). 
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It  will  be  observed  that  the  4  hours'  value  of  the 
crude  sewage  varies  considerably;  this  is  always  the 
case  with  an  unmixed  sample,  the  reason  being  that 
in  the  foecal  discharges  of  10  individuals,  the 
amount  of  semi-solid  excreta  varies  from  day  to  day  ; 
it  is  not  infrequent  to  find  that  the  4  hours'  oxygen 
figure  is  as  low  as  7  and  may  be  as  high  as  17.  A  com- 
parison between  the  Tables  XII  (c),  XII  {d)  will  show 
that,  in  the  main,  the  effluent  from  the  fine  contact  beds 
is  comparatively  little  altered  by  this  change  in 
the  character  of  the  sewage.  There  is  a  falling-off  in 
the  amount  of  nitrates,  but  this  is  probably  due  to  the 
fact  that  a  greater  percentage  of  nitrogenous  material 
is  retained  in  the  coarse  beds.  There  is  a  slight 
improvement  in  the  amount  of  colloids  in  the  final 
effluent  for  the  same  reason.  The  ammonia  figures 
are  much  the  same  in  the  2  tables.  But  the  extra- 
ordinary point  brought  out  by  Table  XII  (d)  is  the 
erratic  nature  of  the  4  hours'  oxygen  figure  obtained 
from  the  effluent  of  the  coarse  beds.  Table  XII  (e)  gives 
a  further  series  of  analyses  exemplifying  the  same  extra- 
ordinary irregularity  ;  in  both  these  tables  it  will  be 
observed,  that,  in  quite  a  fair  number  of  samples, 
the  4  hours'  oxygen  figure  has  increased  after  4  hours' 
contact  in  the  brick  beds.  The  explanation  of  these 
occurrences  is  not  easy  ;  at  first  we  suspected  that 
during  the  rest  in  contact  with  the  bricks,  some  of 
the  masses  in  the  crude  sewage  must  have  been 
broken  down,  and  having  mixed  with  the  sewage,  caused 
an  increase  in  the  oxygen  absorption  power.  This, 
however,  may  not  be  a  correct  explanation,  because  on 
inspecting  the  beds,  masses  of  foeces  still  remain  visible 
between  the  bricks,  when  the  fluid  part  of  the  sewage 
has  been  withdrawn  ;  it  may  be  due  to  the  same  cause 


i6g 


as  the  increase  in  the  4  hours'  oxygen  figure  in  the 
bottle  and  grit  chamber  foeces  [vide  Tables  V  [a)  and 

Table  XII  (e). 


Origin. 

Chlorine. 

4  hours'  Oxygen  test. 

Crude  (unmixed) 
No.  2  Brick  bed 
No  2  Fine  b='d 

7-8 

7-  8 

8-  2 

7-0 
7.0 
70 

13  71 
1065 

39I 

13-42 
9-04 

3-01 

Crude  (unmixed) 
No.  3  Brick  bed 
No.  3  Fine  bed 

7-8 

7-8 
7-6 

6-6 
6-6 
6-6 

TT  'n/1 
I215 
4'30 

y- jy 
14-16 

3  05 

Crude  (unmixed) 
No.  4  Brick  bed 
No.  4  Fine  bed 

8-0 
8-0 
7-8 

7-6 
7-6 

7-6 

8-13 
9'3i 
2-95 

I30I 

10-43 

4.21 

Crude  (unmixed) 
No.  5  Brick  bed 
No.  5  Fine  bed 

8'o 
8-0 
7-8 

5-8 
5-8 
5-8 

12-31 

I2-6l 

3  30 

10-23 

10-93 
4-49 

Crude  (unmixed) 
No.  I  Brick  bed 
No.  I  Fine  bed 

8-0 
7-8 
7-6 

5-4 
5-4 
5-4 

14-00 
12-26 
4-80 

13-26 

12-95 
4-35 

IV  (a)  ).  Whatever  is  the  explanation,  it  apparently 
does  not  affect  the  purity  of  the  final  efiiuent  from 
the  fine  contact  beds  to  any  very  great  extent. 

From  the  dimensions  of  the  tanks  already  given, 
and  from  the  fact  that  the  fcecal  discharges  of  10  in- 
dividuals are  placed  in  each,  once  in  5  days,  it  follows 
that  there  are  2  users  per  cubic  yard  of  material  per 
diem.  It  seems  to  be  very  doubtful  whether  the 
arrangement  of  putting  the  total  discharges  of  10  indiv- 
iduals into  one  bed  and  then  leaving  it  to  recover  for 
5  days,  is  really  sound  for  the  tropics  with  its  high  tem- 
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perature,  dry  hot  winds  and  rapid  drying  action.  The 
experience  gained  on  other  installations  seems  to  show 
that  it  would  be  very  much  better,  from  the  point  of 
view  of  efficiency,  to  add  the  excreta  of  2  users  on 
5  consecutive  days,  diluting  it  down  to  a  suitable  strength, 
i.e.,  a  25-gallon  sewage. 

Again,  two  users  per  cube  yard  of  material  per 
diem,  has  been  found  by  experiments  in  other  contact 
beds,  to  be  an  unnecessarily  liberal  allowance.  So 
a  series  of  experiments  were  conducted,  steadily 
increasing  the  number  of  users  per  cube  yard,  and 
observing  the  result  in  the  effluent.  In  the  descrip- 
tion of  the  installation  already  given,  it  will  be 
remembered  that  there  are  5  pairs  of  contact  beds, 
each  containing  one  cubic  yard  of  material,  each  pair 
being  dosed  in  turn  once  in  5  days.  In  order  to  increase 
the  number  of  users  per  cube  yard,  it  was  only  necessary 
to  throw  out  of  action  i,  2  or  more  beds,  till  eventually 
one  bed  was  filled  daily.  The  average  of  the  results 
obtained  by  this  procedure  are  given  in  Table  XII  (/), 
the  number  of  users  per  cube  yard  being  2,  6,  8  and  10, 
according  to  the  number  of  beds  used.  Before  taking 
the  samples  for  analyses,  the  beds  were  worked  for  a 
considerable  length  of  time  under  the  new  conditions, 
to  allow  them  to  accommodate  themselves  to  the  extra 
load  put  on  them.  Probably  better  results  could  have 
been  obtained  had  still  longer  time  been  available  before 
analysing  the  effluents. 

The  great  point  to  be  observed  in  these  results  is, 
that,  considering  everything,  there  is  very  little  deteri- 
oration in  the  quality  of  the  final  effluent,  whether  the 
beds  are  disposing  of  the  foecal  discharges  of  2,  4  or  10 
individuals  per  diem ;  there  are  no  marked  signs  of  over- 
work.   It  is,  of  course,  true  that  the  amount  of  nitrates 


Table  XII  (/). 


Fowler's  Installation  with  increasing 

LOAD. 

1 



Origin, 

Chlorine.  ^- 

>  4 

4  Hours 
(xygen  value. 

Hours'  Oxygen 
value  alter 
clarification. 

ort^anic. 



NlTttOGEN. 

Amount  of 
Oxygen 

DISSOLVED 
I  EFT  1 

Saline  and 
free. 



Albu-  L, 
nienoiJ 
'\mnionia. 

Jitrous  and 
Nitric.  ] 

After  24  Hours. 

ifter  48  Hours. 

/>   TTc*»rc  ripr  mhp  V^rO — 

1 

8-0 

11-68 

.  .  . 

■  Average  of  Brick  bads 

8-1 

12-95 

3-87 

9-07 

t-97 

Nil 

Nil 

A\'erage  of  Fine  beds 

a  0 

4  33 

2-18 

2*14 

•'76 

•84 

I  -Q^ 

•32 

■14 

TT«pr«;  ner  cube  vard — 

A\-orofTA  nl  Prnrlp  (iimilixOnl             -  - 

11-24 

•  •  • 

•  •  • 

•  •  • 

Nil 

Average  of  Brick  beds 

6-2 

10-89 

3'i5 

7-41 

2  '12 

Nil 

Nil 

Average  of  Fine  beds 

7-0 

3  64 

.  1  00 

T  '7=; 

•S3 

•77 

■45 

Nil 

o      users  pel               y  txi\x 

A\'pnpp  nf  Crude  (unmixed^ 

9-64 

.  .  . 

Nil 

Average  of  Brick  beds 

6-9 

12-44 

3  14 

'  9 '30 

2-14 

1-97 

Nil 

Nil 

Average  of  Fine  beds 

4-16 

1-89 

1  2-27 

1-06 

•65 

-66 

•40 

Nil 

10  Users  per  cube  yard — 

Average  <?f  Crude  (unmixed)     .    . . 

13-28 

Nil 

Average  of  Brick  beds 

7-2 

10-14 

3-49 

6-65 

4-51 

:i-4i 

Nil 

Nil 

Av/^rage  of  Fine  beds 

3  "39 

I-81 

1-51 

j  I'o? 

■67 

53 

•36 

Nil 
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in  the  effluent  appears  to  fall  off  steadily  in  proportion 
to  the  increase  in  the  work  put  on  the  beds.  The 
individual  analyses,,  from  which  the  averages  are 
prepared,  show,  that  the  longer  the  time  that  had 
elapsed  since  the  last  increase  in  load,  the  greater  the 
amount  of  nitrates.  So  in  all  probability,  if  any  pair 
of  beds  had  been  fed  with  the  excreta  of  lo  individuals, 
for  a  ■  period  of  6  months,  the  nitrate  figures  would 
show  a  great  increase  on  those  given  in  the  averages 
quoted  in  Table  XII  (/).  It  will  be  observed  that  lo 
users  per  cube  yard  is  almost  identical  with  the  allow- 
ance made  by  Mr.  Dibdin  in  the  Gouripur  installation, 
quoted  in  the  previous  chapter. 

From  a  very  careful  scrutiny  of  a  large  number  of 
analyses  it  is  not  possible  to  state  that  the  grading  of  the 
material  in  any  one  bed  (A„  Ag,  or  A3,  etc.)  has  given 
better  purification  than  that  of  any  other  of  the  series. 

The  results  obtained  from  the  fine  contact  beds  in 
this  installation  are,  in  respect  to  the  ammonia  figures, 
superior  to  those  from  Gouripur  (vide  last  chapter). 
This  is  due  to  the  better  quality,  and  the  finer  crushing 
of  the  material  in  Dr.  Fowler's  beds. 

Another  important  comparison  is  the  difference 
in  the  results  obtained  between  the  brick  beds  in  Fow- 
ler's installation  and  the  slate  beds  in  Gotmpur.  In 
the  case  of  Fowler's  installation  4  hours'  rest  in  the 
brick  beds  had  usually  been  allowed.  As  long  as  the 
sewage  was  carefully  mixed,  the  amount  of  purification 
which  takes  place  in  the  coarse  beds  is  very  consider- 
able. But  with  an  unmixed  sewage  such  as  would  be 
obtamed  in  working  installations,  the  results  appear  to 
be  very  erratic  and  difiicult  to  understand.  On  the 
whole,  the  figures  show  that  the  coarse  or  brick  beds 
in  Fowler's  installation  have  never  given  such  good 
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results  as  have  been  obtained,  under  certain  condi- 
tions, in  the  Gouripur  installation.  They  have  never 
disposed  of  anything  like  the  same  amount  of  colloid 
material  as  the  slate  beds  have  done.  The  reason  is 
that  probably  the  slate  beds  are  distinctly  superior 
to  beds  made  of  bricks  or  drain  pipes.  As  in 
the  Gouripur  results,  fine  contact  beds  alone  do  not 
appear  to  be  able  to  remove  more  than  a  certain  amount 
of  material  in  colloidal  suspension,  the  major  portion 
must  be  removed  in  the  brick  or  slate  beds  if  a  good 
effluent  is  to  be  obtained.  We  have  recently  fitted  up 
for  experimental  purposes,  one  of  the  tanks  in  Fowler's 
installation,  with  slates  exactly  on  the  line  laid  down  by 
Mr.  Dibdin.  Unfortunately,  the  bed  is  not  yet  suffi- 
ciently ripe  to  quote  any  of  the  results. 

With  beds  whose  capacity  is  only  about  50  gallons, 
it  is  not  possible  to  give  any  accurate  figures  as  to  the 
loss  in  fluid  capacity  from  the  deposit  of  sludge,  but 
inspection  shows  that  the  lower  layers  of  the  beds 
are  practically  solid,  so  that  the  reduction  must  be 
■considerable. 

Total  nitrogen  estimations  of  the  sludge  obtained 
from  the  5  brick  beds  have  been  made.  They,  how- 
ever, show  a  very  great  irregularity  in  the  amount  of 
nitrogen  present.  The  figures  are  given  below.  No 
explanation  of  the  results  can  be  given,  although  the 
sludges  were  taken  under  exactly  similar  circumstances 
following  on  a  5  days'  rest. 

Total  Nitrogen  from  Sludge  of  Coarse  Beds. 

Bed  No.  I  . .    1-38  %  of  dried  sludge. 


Bed  No.  2 
Bed  No.  3 
Bed  No.  4 
Bed  No.  5 


2-6o  % 

4"99  % 
4-20  % 

1-89  % 
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The  following  conclusions  can  reasonably  be 
drawn  from  the  results  obtained  with  Fowler's  instal- 
lation. It  must,  however,  be  remembered  that  the 
installation  was  not  intended  for  practical  use  in  its  pres- 
ent shape.  It  was  primarily  constructed  for  research 
work.  Therefore,  it  is  not  fair  to  lay  particular  stress 
on  any  practical  defects : — 

(1)  That  nitrification  of  an  oriental  sewage  can  be 
satisfactorily  brought  about  by  aerobic  means  only. 

(2)  Considerably  better  final  results  could  have 
been  obtained  had  the  material  in  the  brick  beds  been 
of  better  quality. 

(3)  That  even  with  the  disadvantage  mentioned 
above,  a  fairly  satisfactory  effluent  has  been  obtained 
with  10  users  per  cube  yard  of  material. 

(4)  That  working  with  a  five-gallon  sewage  no 
difference  in  efficiency  could  be  detected  between  any 
of  the  five  brick  or  fine  beds,  although  considerable 
differences  were  present  in  the  material  used. 

(5)  It  would  appear  that  very  much  better  puri- 
fication is  obtained  in  the  brick  beds  with  a  thoroughly 
well  mixed  than  with  an  unmixed  sewage. 


CHAPTER  XIII. 


ADVANTAGES  AND  DISADVANTAGES  OF 
PRELIMINARY   ANAEROBIC  TREATMENT 
OF  SEWAGE. 

TN  the  last  two  chapters  purely  aerobic  installations 
have  been  described  and  the  results  discussed.  It  is 
now  necessary  to  see  how  this  type  of  disposal  arrange- 
ment compares  with  the  model  in  which  the  anaerobic  or 
septic  tank  forms  an  integral  part.  At  this  time  septic 
tanks  appear  to  be  in  disfavour  with  many  sewage 
experts  in  Europe,  and  aerobic  beds  (without  preliminary 
septic  treatment)  are  coming  into  vogue.  It  is  therefore 
desirable  to  see  whether  the  merits  and  demerits  of  these 
different  systems  are  the  same  in  the  East  as  in  the  West, 
for  it  will  doubtless  be  conceded  that  the  working  condi- 
tions are  radically  different.  In  the  following  compari- 
son it  should  be  understood  that  an  installation,  in  every 
way  resembling  that  at  Gouripur  (consisting  of  collecting 
tanks,  slate  beds  and  fine  contact  beds)  will  be  taken  as 
the  type  of  the  aerobic  method,  and  the  septic  tank  latrine 
with  a  streaming  filter  will  be  considered  the  standard 
of  the  anaerobic  combined  system.  The  subject  divides 
itself  into  three  heads — 

The  difference  between  the  two  types  of  installations 
from  (I)  chemical,  (II)  engineering  and  (III)  utilitarian 
or  general  sanitary  point  of  view. 
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I, — The  Chemical  Aspect. 
Tn  order  to  discuss  the  qiiestion  as  to  which  of  these 
types  of  disposal  arrangements  is  chemically  the  most 
suitable  to  tropical  conditions,  it  will  be  necessary  to  say 
a  few  words  on  the  objections,  of  a  chemical  nature,  usu- 
ally put  forward  to  the  septic  tank.  From  the  results 
given  in  Chapters  IV,  V  and  VI,  in  which  the  study  of 
the  effluents  obtained  from  both  model  and  working 
septic  tank  installations  is  given,  it  will  be  apparent  that 
more  satisfactory  results  are  obtained  from  anaerobic 
tanks  in  this  country  than  have  been  reported  in  Europe. 
The  important  reason  for  this  state  of  affairs  appears  to 
be,  that,  the  sewage  we  were  required  to  treat  in  India  is 
derived  from  a  population,  who  are  almost  entirely  vege- 
tarians, whereas  "in  Europe  it  contains  the  excreta  of  a 
meat-eating  community.  This  is  the  fundamental  differ- 
ence between  the  sewage  of  these  two  parts  of  the  globe. 
The  following  paragraphs  will  demonstrate  the  practical 
importance  of  this  difference. 

Dunbar,  in  his  work  on  "  The  Principles  of  Sewage 
Treatment,"  gives  the  following  objections  to  the  septic 
tank  as  used  in  Europe  :— 

{a)  "  The  tank  effluents  are  always  putrescent  and  give 
rise  to  foul  smells  by  the  escape  of  gases  when  they  are 
agitated.  The  most  important  of  these  gases,  Sulphuretted 
Hydrogen,  may  possibly  he  fixed  before  leaving  a  tank:' 

The  truth  of  this  statement  is  generally  accepted  as 
applying  to  septic  tanks  in  the  West,  though  it  is 
not  by  any  means  necessary  to  carry  the  septic  action  so 
far  as  the  production  of  H,  S.  The  vegetarian  sewage  of 
the  East  does  not  produce  H,  S  readily  ;  the  tanks  when 
they  are  agitated  do  not  give  off  evil  smelling  vapours 
There  is  no  denying  that  some  of  the  best  septic 
tank  effluents  do  possess  a  certain  amount  of  odour,  but 


176 


it  is  not  foecal  in  nature,  nor  is  it  mainly  due  to  the 
presence  of  Sulphuretted  Hydrogen.  In  natural 
surroundings  decomposing  animal  matter,  whether  it 
be  in  the  shape  of  rotten  eggs,  meat,  or  such  like  sub- 
stances, readily  produces  Sulphuretted  Hydrogen,  but 
decomposing  vegetable  matter,  though  not  free  from 
evil  odour,  does  not  produce  H^  S,  and  this  gas  is 
not  the  chief  cause  of  any  nuisance  that  may  be  noticed. 
Quoting  again  from  Dunbar's  work,  he  says — "7^  is 
the  sulphur  and  not  the  nitrogen  which  is  the  cause  of 
the  nuisance  arising  from  the  decomposition  of  nitrogenous 
organic  matter  :  it  is  the  sulphur  which  forms  the  foul 
smelling  of  Sulphuretted  Hydrogen  and  which  is  strongly 
poisonous  to  fish-life.  The  ammonia  derived  from  the 
organic  nitrogen  can  scarcely  he  smelt  in  putrifying 
sewage.'''' 

This  is  undoubtedly  true.  But  as  H^  S  is  not 
readily  formed  in  vegetarian  sewage,  nuisance  is  not  of 
frequent  occurrence.  Chemical  analyses  of  a  vegetarian 
and  meat-eating  sewage  show  distinctly  that  the  amount 
of  organic  sulphur  present  in  the  former  is  much  less  than 
in  the  latter,  vide  Chapter  VII.  But  this  is  not  all.  It 
would  appear  from  the  results  obtained  from  the  septic 
tanks  in  this  country,  that  the  sulphur  is  linked  up 
in  the  vegetable  proteid  molecules  in  such  a  way,  that 
it  does  not  readily  form  compounds  with  hydrogen. 
We  do  not  say  that  H^  S  is  never  formed,  but  the 
process  is  slow  and  the  amount  negligible.  The  whole 
of  the  research  work  in  Chapter  VI  is  evidence  in 
favour  of  the  truth  of  this  statement.  The  best  effluent 
derived  from  these  model  septic  tanks  was  obtained 
with  a  rest  in  the  tank  equal  to  three  days.  Making 
due  allowance  for  the  strength  of  the  sewage,  such  a 
result  would  be  impossible  in  Europe,  on  account  of  the 
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development  of  S  in  the  effluent.  Another  strong 
point  in  confirmation  of  the  statement  is,  that  the  incu- 
bator test  is  practically  useless  when  dealing  with  a  vege- 
tarian sewage.  A  very  indifferent  effluent  can  be  kept 
in  the  incubator  for  a  week  without  developing  any  H 
S  ;  consequently  the  test  ,  is  not  a  good  indication  of  put- 
rescibility. 

The  importance  of  this  great  difference  between  the 
sewage  in  the  East  and  West  cannot  be  over-estimated. 
There  is,  no  doubt,  whatever,  that  things  are  possible  in 
this  country,  which  would  be  completely  out  of  the  ques- 
tion in  dealing  with  a  European  sewage.  For  instance, 
would  any  Engineer  or  Sewage  Specialist  consider  it  wise 
to  keep  the  solid  foecal  material  from  a  sewage  shut  up  in 
a  small  chamber  for  weeks  or  probably  months  until 
such  time  as  it  becomes  fluid  ?  But  this  device  is  not 
only  possible  with  an  Oriental  sewage,  but  is  strongly  to 
be  recommended.  The  research  work  on  grit  chamber 
fceces  (Chapter  IV)  demonstrates  the  fact,  that  50%  of 
the  organic  nitrogen  can  be  disposed  of  during  the 
leisurel}^  process  of  breaking  up  the  solid  masses  and 
yet  no  bad  smell  or  S  is  formed.  The  development 
of  S  lies  at  the  root  of  all  the  complaints  against 
septic  tank  in  the  West  ;  as  this  has  not  occurred  in  the 
East,  when  dealing  with  a  vegetarian  sewage,  the  founda- 
tion of  these  objections  is  cut  away. 

(&)  "r/ie  biological  treatment  is  usually  more  diffi- 
cult with  septic  tank  effluent  than  with  fresh  sewage.'''' 

''At  Hamburg  contact  beds  cotdd  be  filled  six  times 
a  day  with  fresh  sewage  without  yielding  an  unsatisfactory 
effluent,  whereas  they  would  only  take  septic  sewage  twice 
a  day.''"' 

These  two  quotations  from  Dunbar's  work  may  not 
be  entirely  accepted,  as  true  by  all  authorities  in  Europe. 
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For  the  same  author  goes  on  to  say— 'TAe  contrary 
optmons  of  English  authors  may  be  ascribed  to  the  fact 
that  they  have  compared  fresh  sewage,  containing  the  whole 
of  its  suspended  matter,  with  septic  tank  effluent,  containing 
very  little  suspended  matter.  Under  such  circumstances 
it  is  only  to  be  expected  that  filters  will  clog  up  sooner  with 
fresh  sewage  than  with  a  septicised  sewage.  At  Leeds,  as 
soon  as  a  settled  sewage  was  used,  the  results  obtained  were 
the  same  as  those  at  Hamburg.''^ 

We  do  not  pretend  to  be  able  to  discuss  this  question 
from  the  point  of  view  of  a  European  sewage,  but  it  is 
safe  to  say  (i)  that  in  the  East  it  is  impossible  to  get  a 
sedimentation  without  a  septic  action  on  account  of 
the  high  temperature,  many  putrefactive  actions  going 
on  with  extraordinary  rapidity,  and  (2)  most  of  the 
suspended  matter  in  a  vegetarian  sewage  is  colloidal  in 
nature  and  this  cannot  be  removed  by  rapid  settlement. 
Experiments  in  this  country  seem  to  show  that  there  is 
practically  no  difference  between  the  ease  with  which 
both  a  septicised  and  non-septicised  sewage  can  be 
nitrified.  Table  XIII  {a)  gives  the  results  of  various 
methods  of  treating  sewage  in  this  country,  and  it  wiU  be 
observed  that  the  results  obtained  with  both  septicised 
and  non-septicised  sewage  are  very  similar  in  all  cases. 
A  comparison  should  be  made  between  the  results  of  the 
Gouripur  and  Fowler's  installation  on  the  one  hand,  and 
those  obtained  from  the  model  and  working  septic 
tanks  on  the  other. 

If  a  thoroughly  mixed,  dilute,  fresh,  tropical  sewage 
were  subjected  to  both  kinds  of  treatment  side  by  side, 
it  is  just  possible  that  a  greater  quantity  per  diem  per 
cubic  yard  of  material,  of  this  raw  sewage  could  be  nitri- 
fied, than  would  be  the  case  if  it  were  subjected  to  pre- 
liminary septic  action.    But,  in  the  first  place,  no  sucli 
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Model  Contact  Bed  I,  with  f 
bad  Septic  tank  effluent  | 

Do.  with  good  septic  J 
tank  effluent  . .  | 

Do.  two  fillings  with  | 
good  effluent  . .  | 

Model  Contact  Bed  II  with  | 
bad  septic  tank  effluent  j 


Do.  with  good  septic 
tank  effluent 

Do.  two  fillings  with 
good  effluent 
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Filled  every  3rd  day 
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Gouripur  Installation     . .  ■! 
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{Effluent  from  a  fairly 
good  tank  and  moder- 
ately designed  filter. 

(Effluent  from  a  tank 
used  mostly  as  a 
urinal  and  a  very  well 
arranged  small  filter. 

(Corresponds  to  indiff- 
erent Tank  Effluent 
with  single  contact. 


Corresponds   to  good 
j  septic     tank  with 
grit  chamber  plus  one 
contact. 


•10 


Nil 
Nil 

Nil 


■37 
•48 


[Corresponds    to  in- 
different Tank  Effluent 
[with  double  contact. 

'Corresponds  to  good 
septic  tank  with  grit 
chamber  and  double 
contact. 


'Better  results  could 
have  been  obtained 
if  the  increase  in 
work  had  been  more 
, gradual. 


Sea  water  present  in  the  river  water. 
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thing,  as  a  dilute,  thoroughly  mixed  sewage  is,  under 
ordinary  conditions,  obtainable  in  this  country ;  and 
secondly,  the  amount  of  colloid  material  is  so  great, 
that  a  good  result  cannot  be  expected  with  very  rapid 
action.  We  have  seen  in  the  results  obtained  from 
Fowler's  installation,  that  even  scientifically  designed, 
fine  contact  beds  will  not  remove  more  than  a  certain 
percentage  of  colloid  material  when  worked  very 
lightly. 

Another  very  interesting  series  of  experiments  have 
been  carried  out  by  making  use  of  what  we  call  the  Nitri- 
fication test.  The  results  are  given  in  Table  XIII  (b). 
In  this  case  a  large  number  of  different  effluents,  derived 
from  working  and  model  septic  tanks,  from  the  brick 
beds  in  Fowler's  installation  and  slate-beds  in  Gouripur, 
were  collected  on  the  same  day.  A  sufficient  quantity  of 
water  was  added  to  each  sample  to  bring  the  4  hours' 
oxygen  figure  of  the  mixture  to  3  parts  per  100,000  ;  to 
each  an  additional  half  litre  of  tap  water  was  added  and 
each  was  placed  in  a  Winchester  quart  bottle.  Every 
day  this  mixture  was  well  shaken  up  and  tested  for 
the  presence  of  nitrites.  The  results  obtained  by  this 
experiment  are  extremely  interesting.  In  series  No.  i 
the  crude  sewage  took  13  days  before  any  nitrites  were 
observed.  The  first  to  develop  nitrites  were  two  effluents 
derived  from  slate-beds  at  Gouripur.  This  occurred  on 
the  5th  day.  On  the  6th  day,  however,  the  effluent 
derived  from  a  working  tank  at  Shamnagar  and  from 
tank  No.  i  (3  days'  rest)  of  our  models  also  developed 
nitrites. 

In  the  second  series  the  action  seemed  to  have  been 
rather  slower,  but  in  this  case  almost  similar  results  were 
obtamed,  namely,  that  our  model  tank  No.  i,  the  Clive 
Mill   tank,  and  two  effluents  from  the  slate-beds  at 
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Gouripur,  all  developed  nitrites  simultaneously.  Conse- 
quently, it  would  appear,  that  there  is  practically  no 
difference  between  the  ease  with  which  a  good  septic  tank 
effluent,  or  an  effluent  derived  from  an  aerobic  bed  can  be 
nitrified,  under  the  circumstances  described  above.  It  is 
not  maintained  that  this  experiment  is  free  from  all  fal- 
lacies, but  the  results  are  distinctly  striking ;  further  these 
figures  and  those  given  in  Table  VI  (l)  are  sufficiently  similar 
to  show  that  no  very  serious  objection  can  be  raised 
to  their  accuracy.  Hence,  we  are  inclined  to  think  that 
all  our  experiments  show  that  a  thoroughly  septicised 
sewage  derived  from  a  vegetarian  population  is  as  easily 
nitrified  as  a  similar  sewage  treated  only  on  aerobic  beds. 

(c)  "  The  Sulphuretted  Hydrogen  formed  in  the  tanks 
attacks  the  cement.''''  We  have  already  shown  that  little 
or  no  Sulphuretted  Hydrogen  is  ever  formed  in  the 
tanks.  Therefore,  this  objection  has  no  weight  in  the 
East.  Our  tanks  in  this  country  do  leak  or  sweat  " 
when  they  are  new,  but  as  a  general  rule,  the  pores  of  the 
masonry  fill  up  within  the  first  six  months  and  no  further 
trouble  is  experienced. 

These  are  the  main  chemical  objections  to  the  septic 
tank.  The  advantages  of  septic  tanks  have  been  referred 
to  in  the  earlier  chapters  of  this  work,  but  they  may 
be  briefly  recapitulated — 

(1)  The  solids  in  true  suspension,  whether  mineral 
or  organic,  settle  out  of  the  sewage. 

(2)  Colloid  material  is  disposed  of  to  a  large  extent. 
A  large  proportion  is  turned  to  crystalloids,  but  some 
undergo  a  process  of  sedimentation. 

(3)  Diminution  in  the  organic  part  of  the  sludge 
takes  place  in  the  tank  due  to  digestion.  Dr.  Fowler 
puts  the  figure  at  50%,  but  the  subject  has  not  yet  been 
thoroughly  worked  out. 
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(4)  The  sludge  from  the  septic  tank  is  light  and  easy 
to  remove  and  is  absolutely  inodorous. 

(5)  Crude  sewage  is  prepared  for  nitrification  and 
a  large  number  of  highly  complex  and  often  evil  smell- 
ing bodies  are  mineralised  and  changed  into  inodorous 
substances. 

(6)  The  hard  masses  of  faeces,  that  occur  in  fresh 
sewage,  undergo  chemical  decomposition  and  are  eventually 
made  into  an  emulsion  with  the  water. 

(7)  Large  quantities  of  inflammable  gas  are  given 
off  and  may,  under  fa^•ourable  conditions,  be  used  for 
lighting  or  developing  power. 

Hence  it  will  be  apparent  that  the  chemical  objections 
to  septic  tanks  in  the  East  are  not  of  any  serious  impor- 
tance, whilst  the  changes  brought  about  in  the  crude 
sewage  are  all  in  the  right  direction  from  the  Sanitarian's 
point  of  view. 

II. — The  Engineering  Aspect. 

The  amount  of  fall  reqtnred  by  the  two  kinds  of 
installations. 

One  of  the  most  important  limitations  of  these 
aerobic  installations  in  a  flat  country  like  Bengal,  and 
most  places  on  the  plains  of  India,  is  that  they  re- 
quire a  very  large  amount  of  fall ;  considerably  more  is 
necessary  than  is  required  for  a  septic  tank  and  streaming 
filter.  The  latrine  in  an  aerobic  installation  would  have 
to  be  raised  very  high  or  the  sewage  must  be  pumped  into 
the  collecting  tank.  The  Gouripur  installations  consume 
no  less  than  14  feet  of  fall,  not  taking  into  account  the  tank 
for  chlorinating  the  effluent.  The  collecting  tank  is  4ft- 
deep  and  the  two  contact  beds  5  each.  Of  course,  this 
amount  was   actually   available  at  this  Mill ;  it  is  not 
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maintained  that  with  less  than  14ft.  it  is  impossible  to 
design  a  similar  installation.  It  would,  however,  be  diffi- 
cult to  do  this  with  less  than  loft. ;  even  if  very  shallow 
beds  were  constructed  (such  as  2ft.  for  the  collecting  tank 
and  3  each  for  each  contact  bed,  giving  a  total  of  8ft.) 
the  cost  would  be  greatly  increased.  A  septic  latrine 
and  streaming  filter  can  be  easily  and  economically 
constructed  without  any  loss  of  fall  at  all.  This  is 
obtained  by  building  the  tank  above  ground,  as  is  shown 
in  the  diagrams  attached  to  Chapters  II  and  III,  so 
that  in  reality  the  sewage  is  given  a  head  of  6ft.  by  the 
coolies  having  to  go  up  the  steps  into  the  latrine. 

Cost  of  the  Two  Types. 

The  cost  of  an  aerobic  installation  is  at  all  times 
greater  than  that  of  a  septic  tank  and  streaming  filter. 
Even  with  plenty  of  fall  available,  the  amount  of  masonry 
required  for  the  collecting  tank  and  tanks  for  the  double 
contact  beds,  is  very  much  in  excess  of  that  required  for 
a  single  septic  tank  and  fiiter.  As  we  have  already  stated 
in  the  foregoing  paragraph,  within  certain  limits  the 
less  fall  there  is  available,  the  more  the  installation  will 
cost. 

Loss  of  working  capacity  in  the  Aerobic  installation. 

The  subject  of  the  rapid  sludging  up  of  the  slate- 
beds  has  been  discussed  at  length,  and  nothing  further 
need  be  said ;  it  is  however  apparent,  that,  with  a 
fresh  sewage,  containing  large  masses  of  foecal  material, 
the  rate  of  decrease  in  the  fluid  capacity  of  the  slate- 
beds  is  so  great  as  to  practically  render  the  whole  plant 
useless.  In  a  septic  tank  installation  we  have  no  such 
objection.    It  is  very  easy  to  design  a  tank  from  which 
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sludge  can  be  removed  periodically  without  any  difficulty 
or  nuisance.  Tanks  that  have  been  in  work  for  a  period 
of  six  or  seven  years,  satisfactorily  disposing  of  a  5  or 
6-gallons  sewage,  have  been  found  to  contain  only  about 
12  inches  of  a  light,  easily  remo\-able  sludge. 

Di-fficulty  in  obtaining  Slates. 

Slates  can  only  be  obtained  with  great  difficulty 
in  this  country.  It  is  better  to  import  them  from  Wales, 
though  this  is  an  expensive  business,  even  for  places  that 
are  situated  on  a  river  and  near  a  large  port.  The  ex- 
pense would  be  doubled  or  quadrupled  if  railway  freight 
were  added  to  the  cost  of  transit  by  sea.  The  slates  that 
are  available  in  this  country  are  bad  in  quality  and 
extremely  difficult  to  obtain. 

III. — Utilitarian    and  General 
Sanitary  Aspect. 

Difficulty  of  Working  Aerobic  Beds. 

Aerobic  installations  possess  all  the  working  dis- 
advantages that  have  already  been  enumerated  when 
discussing  contact  beds.  There  is  no  necessity  to  repeat 
them.  The  impossibility  of  getting  contact  beds  worked 
regularly  has  been  sufficiently  emphasized.  It  would  be 
difficult  to  describe  the  consequences  of  a  strike  amongst 
the  sweepers  attending  to  an  aerobic  installation,  such  as 
the  one  at  Gouripur.  But  a  septic  tank  latrine  with 
a  streaming  filter  might  be  left  entirely  to  itself  for  a  week 
or  a  fortnight,  without  causing  any  inconvenience  or 
nuisance  to  anybody. 

Dunbar  says  that  ' '  The  accumulation  of  futrifying 
substances  should  on  general  sanitary  grounds  he  prevented 
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as  much  as  possible.  This  is  specially  the  case  in  the 
neighbourhood  of  dwelling  houses.''  This  is  given  as 
an  objection  to  the  septic  tank.  As  a  matter  of  fact, 
the  septic  tank  in  tliis  country  is  very  mucli  less  likely 
to  give  rise  to  nuisance  than  the  aerobic  installation.  In 
a  properly  designed  latrine,  there  should  be  little  or  no 
smell  and  the  tank  itself  gives  off  no  bad  odour.  In  aero- 
bic installations,  worked  with  an  unmixed  sewage,  the 
filling  of  slate-beds  gives  rise  to  nuisance.  Under  certain 
conditions  of  the  atmosphere  in  India,  slate-beds  standing 
full  of  sewage  undoubtedly  create  a  bad  smell.  Again 
open  slate-beds  are  accessible  to  flies  ;  this  is  a  serious 
matter  in  the  East.  From  considerable  experiences  we 
venture  to  state  that  a  septic  tank  and  continuous  filter 
gives  rise  to  less  nuisance  than  an  aerobic  installation. 

Conclusion. 

From  the  above  points  it  may  be  concluded,  that,  from 
a  chemical  point  of  view,  the  anaerobic  and  aerobic  in- 
stallations are  equally  efficient.  That  the  objections  to 
the  aerobic  installations  under  the  head  of  difficulty  of 
working,  causation  of  nuisance  and  engineering  consid- 
erations are  extremely  strong.  The  advantages  in  the 
shape  of  simplicity  in  working,  the  avoidance  of  nuisance, 
cheapness  and  freedom  from  serious  disturbing  influences 
are  all  on  the  side  of  the  septic  tank  and  filter. 


CHAPTER  XIV. 


THE  "DUMPING"  SEPTIC  TANK. 

T^HE  second  most  important  application  of  the  Bio- 
logical  system  to  Tropical  conditions  is  what,  for 
want  of  a  better  term,  has  been  called  the  "  Dumping  " 
Septic  Tank.  The  primary  object  of  this  arrangement 
is  to  dispose  of  night-soil  that  has  been  collected  by  the 
conservancy  staff  and  conveyed,  either  by  hand  or  in 
carts,  to  the  disposal  depot  ;  in  other  words,  it  is  intended 
to  be  a  substitute  for  the  "  trenching  ground."  A  rough 
idea  of  the  night-soil  removal  arrangement,  which  obtams 
in  nearly  every  small  town  in  India,  has  already  been 
given  in  Chapter  I.  It  must  be  remembered  that 
private  and  public  latrines  are  served  by  sweepers  who 
remove  the  night-soil  in  either  buckets,  hand-carts,  or  in 
bullock-carts  to  a  plot  of  ground  where  it  is  trenched. 
The  chief  objections  to  the  trenching  ground  itself  are: 
(i)  that  the  trenching  ground  is  seldom  properly 
managed  ;  (2)  in  many  places  it  is  under  water  during 
the  monsoon  months  ;  and  (3)  sometimes  the  only  land 
suitable  for  trenching  is  miles  away  from  the  town  from 
which  the  night-soil  comes.  It  is  therefore  perfectly 
obvious,  that,  provided  water  can  be  had  in  sufficient 
quantity,  a  septic  tank  and  filters  would  be  both  more 
sanitary  and  more  economical  than  many  existing 
trenching  grounds.  The  parts  of  the  country  where 
this   method    of   disposal   of    night-soil  could  with 
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advantage  be  started  are  Lower  Bengal  and  much  of 
Eastern  Bengal  and  Assam ;  here  water  is  plentiful 
and  land  suitable  in  character  for  trenching  purposes  is 
extremely  hard  to  find,  as  it  is  usually  submerged  during 
the  rains.  Some  towns  on  the  Malabar  Coast  also  labour 
under  great  disadvantages  in  their  attempts  to  dispose  of 
night-soil,  partly  on  account  of  the  heavy  rainfall,  and 
partly  from  the  difficulty  of  obtaining  a  suitable  trench- 
ing ground. 

The  disposal  of  night-soil  in  "dumping"  tanks  should 
be  borne  in  mind  in  all  places  where  large  irrigation 
canals  exist ;  the  necessary  water-supply  may  be  taken 
from  these,  and  as  a  general  rule  the  raiyats  in  the  neigh- 
bourhood of  the  tank  will  be  extremely  pleased  to  receive 
the  effluent  on  their  land,  on  account  of  its  manurial 
value  ;  failing  this,  land  should  be  acquired  and  a  sewage 
farm  started.  It  is  impossible  to  discuss  all  circum- 
stances under  which  a  dumping  tank  would  cause  an 
improvement  ;  the  above  are  the  most  important.  We 
are  inclined  to  believe  that  Sanitary  Officers  throughout 
India  would  be  extremely  pleased  to  be  rid  of  trench- 
ing grounds,  with  their  many  faults  and  objections,  and 
to  substitute  a  more  sanitary  and  scientific  method  of 
disposal  of  night-soil  whene^-er  th€  conditions  are  favour- 
able. 

Position  of  Tank. 

The  position  in  which  a  "  dumping  "  septic  tank  should 
be  constructed  will  usually  be  governed  by  many  consid- 
erations, such  as  proximity  to  water-supply,  nearness 
to  the  place  where  the  effluent  has  to  be  finally  disposed 
of,  etc.,  so  that  there  probably  will  not  be  any  very 
large  amount   of   choice   in  the   site.    The  following 
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principles  should  however  be  carefully  borne  in 
mind  : — 

Dumping  tanks  should  not  be  placed  in  a  town  or  in 
very  close  proximity  to  it  ;  the  reasons  for  this  is  not 
because  the  tank  and  filters  will  give  rise  to  nuisance 
but  because  it  is  physically  impossible  to  "  dump  "  night- 
soil  from  carts  or  from  buckets,  without  a  certain  amount 
of  nuisance.  A  great  deal  can  be  done  to  mitigate  this 
by  bringing  the  night-soil  to  the  "dumping"  tank  in 
comparatively  small  quantities,  as  is  the  case  when 
buckets  and  hand-carts  are  in  use.  These  give  rise  to 
less  nuisance,  both  on  the  road  and  in  the  process  of  emp- 
tying, than  larger  carts  drawn  by  bullocks,  simply  on 
account  of  the  smaller  mass  of  material  they  carry.  It 
is  also  better  not  to  have  "dumping"  tanks  situated  on  the 
side  of  the  town  from  which  the  prevailing  wind  comes. 

If  the  tank  is  to  be  placed  on  the  banks  of  a 
river  and  the  effluent  passed  into  it,  the  installation 
should  obviously  be  situated  below  and  not  above  the 
town. 

Wherever  the  tank  is  located,  a  good  pucca  road 
should  be  constructed,  for  ease  in  conveying  the  night-soil 
to  the  tank.  * 

Dilution  of  the  Sewage. 

It  is  necessary  to  dilute  the  mass  of  crude  excreta 
with  a  suitable  amount  of  water.  Experience  has  shewn 
that  it  is  not  desirable  to  manufacture  a  sewage  which 
is  too  strong  when  "dumping"  tanks  are  used.  For, 
as  much  of  the  night-soil  is  not  fresh,  and  a 
certain  amount  of  breaking  down  action  will  occur 
during  transit,  the  chances  of  obtaining  a  large 
proportion  of  hard  masses   are  considerably  reduced. 
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The  strength  of  the  mixture  will  therefore  approx- 
imate much  nearer  to  the  figure  obtained  at  En- 
tally,  when  the  excreta  was  thorouglily  mixed  with 
water,  so  the  grit  chamber  action  will  not  be  a  large 
factor  in  the  purification  of  this  sewage.  Hence  for 
"  dumping"  tanks  we  consider  that  8  or  even  lo  gallons 
per  user  will  probably  give  the  best  result.  We  do  not 
recommend  that  the  purification  of  anything  as  strong 
as  5  gallons  be  attempted  in  this  variety  of  tank.  There 
is  no  doubt  whatever,  that  it  would  be  possible  to  get 
quite  a  respectable  effluent  with  this  strength  of  sewage, 
provided  always  that  care  was  taken  in  making  the 
dilution  ;  but  considering  that  we  do  away  with  the  slow 
purifying  action  in  the  grit  chamber,  it  is  distinctly 
advisable  to  err  on  the  side  of  making  a  sewage  too  weak 
rather  than  too  concentrated. 


Design  of  the  Tank. 

{a)  The  Dumping  Depot. 

The  first  step  in  designing  a  satisfactory  dumping 
and  diluting  plant,  is  to  take  a  preliminary  survey 
of  the  conditions  under  which  the  night-soil  is  con- 
veyed to  the  disposal  depot,  for  in  no  two  places  are 
these  identical.  The  first  thing  to  ascertain  is  whether 
any  urine  or  only  night-soil  is  brought;  in  many 
places,  where  the  private  latrines  are  extremely  primitive, 
the  urine  either  soaks  into  the  ground  or  flows 
down  open  drains.  Another  point  which  must  be 
decided  is,  whether  the  night-soil  is  carried  in  buc- 
kets, hand-carts  or  by  bullock-carts.  We  strongly 
recommend  all  the  night-soil  be  brought  in  buckets  of 
standard  pattern  ;  it  then  becomes  a  simple  matter  to 
make  a  satisfactory  dilution.    Each  sweeper  who  serves 
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a  certain  number  of  private  latrines  should  be  provided 
with  a  bucket  of  known  capacity  and  standard  size ;  each 
bucket  should  be  provided  with  a  tight  fitting  lid; 
they  should  not  be  too  large,  otherwise  when  full  the 
sweepers,  whether  male  or  female,  will  not  be  able  to 
carry  the  weight.  The  accompanying  sketch  shows  a 
very  suitable  pattern.  It  was  designed  by  Dr.  Seal  of 
Darjeeling,  and  is  satisfactory,  but  it  is  rather  too  large. 


With  buckets  of  standard  size  it  is  obviously  easy  to 
estimate  how  much  water  it  is  necessary  to  add  per  bucket 
of  night-soil,  in  order  to  get  a  correct  dilution,  m  terms 
of  gallons  per  individual.  If  the  buckets  are  of  different 
sizes,  or  if  the  night-soil  is  carried  in  bullock  carts,  this 
matter  becomes  more  complex.  The  usual  difficulty  in 
the  way  of  using  buckets  entirely  is,  that,  sometimes 
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night-soil  has  to  be  carried  from  a  part  of  the  town 
some  miles  distant ;  in  that  case  it  is  necessary  to  employ 
bullock-carts.    When  this  is  the  case,  separate  dumping 
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IG.  XIV  («).-Dumping  DepOt  for  night-soil  brought  in  Buckets, 
ihe  Trap  ,s  unnecessary  ;  designed  by  G.  Robertson,  Esq. 
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arrangement  for  buckets  and  carts  must  be  constructed. 
Of  course,  this  double  system  considerably  increases  the 
cost  of  the  installation;  wherever  possible  one  system,  and 
one  only,  should  be  made  use  of.  Hand-carts  possess 
practically  all  the  advantages  of  buckets,  without  the 
disadvantages  of  bullock  carts. 

One  gallon  of  night-soil  represents  the  foecal  dis- 
charges of  12  individuals,  provided  that  no  urine  is 
present ;  the  consequence  is  that  an  ordinary  bucket  of 
5-gallons  capacity,  represents  the  excreta  of  about 
45  individuals  when  f  full,  the  condition  in  which  it 
most  frequently  arrives  at  the  tank.  For  a  lo-gallon 
dilution  the  flushing  arrangements  will  be  required  to 
discharge  450  gallons  per  bucket. 

The  best  arrangement  for  getting  night-soil  into 
the  tank  is  a  funnel-shaped  pan  not  unlike  a  large  water 
closet  in  design,  vide  Figure  XIV  {a).  On  the  whole,  it 
is  advisable  not  to  have  a  syphon  trap,  because  this 
very  much  delays  the  passage  of  the  night-soil 
into  the  tank.  The  most  important  pomt  m  the 
design  of  this  dumping  pan  is  that  the  pipe,  leadmg 
into  the  septic  tank  itself,  must  be  large;  under  no  con- 
sideration should  it  be  less  than  6  inches  in  diameter, 
because  it  is  not  by  any  means  easy  to  get  a  bucket 
of  night-soil,  through  a  smaller  orifice  than  this,  even 
with  a  good  flush  of  water.  It  can,  of  course,  be  done 
but  the  process  is  a  slow  one  ;  the  rapidity  with  which 
the  night-soil  is  consigned  to  the  tank  is  the  important 
factor  in  determining  whether  nuisance  ts  created  or 
not  We  have  seen  what  might  have  been  a  very 
satisfactory  sewage  removal  scheme  completely  spoilt 
bv  the  fact  that  the  dumping  arrangements  were 
too  small,  consequently,  the  nuisance  was  very 
great. 
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The  Fig.  XIV  [a)  gives  a  plan  of  a  satisfactory 
"  dumping "  depot ;  it  does  not  require  any  very 
elaborate  description.  If  this  installation  is  situated 
outside  the  town  in  a  remote  place,  there  is  no  necessity 
to  have  side  walls  to  the  dumping  depot,  but  if,  as  is 
sometimes  necessary,  it  is  placed  on  a  sewer  in  close 
proximity  to  houses,  it  is  better  to  close  the  place  in, 
and  have  a  long  ventilation  shaft. 

In  each  dumping  depot  an  adequate  water-supply  for 
washing  of  buckets  must  always  be  provided,  the  wash 
water  flowing  into  the  dumping  pit  and  passing  into  the 
sewer.  In  some  installations  a  grating  is  used  in  the 
dumping  pan  in  order  to  retain  such  things  as  sticks,  rags 
and  bricks,  which  are  occasionally  brought  along  with  the 
night-soil  in  the  buckets.  The  arrangement  is  sound,  but 
it  very  materially  delays  the  passage  of  the  night-soil 
into  the  tank.  The  mesh  of  the  grating  should  be  very 
coarse  so  as  only  to  retain  large  objects  and  to 
impede  the  passage  of  the  night-soil  as  little  as 
possible. 

There  are  several  methods  of  adding  the  requisite 
amount  of  water.  In  some  cases  we  have  seen  a  syphon 
flush,  actuated  by  hand,  as  in  a  water  closet,  has  been 
fitted.  We  do  not  recommend  this  because  it  gets  out 
of  order.  By  far  the  best  arrangement  is  to  provide  a 
large  tap  over  the  dumping  pan  and  to  attach  about 
two  feet  of  hose  to  this,  so  that  the  whole  of  the  pan 
can  be  washed  down  easily. 

A  careful  estimate  of  the  quantity  of  water  dis- 
charged per  hour  from  the  tap  should  be  made,  and  also 
an  estimate  of  the  number  of  buckets  of  night-soil 
dumped  ;  it  then  becomes  a  simple  calculation  to  ascer- 
tain for  how  many  hours  per  diem  the  tap  should  be 
allowed  to  run. 
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Thus,  if  the  night-soil  from  a  population  of  1,500 
people  is  to  be  dumped  daily,  to  make  an  8-gallon 
dilution  12,000  gallons  of  water  will  be  required.  If  the 
tap  discharges  3,000  gallons  per  hour,  it  will  obviously 
take  4  hours  to  add  the  requisite  amount  of  water ;  thus 
it  is  only  necessary  to  tell  the  sweeper  in  charge  to  open 
the  tap  when  dumping  commences  at  7  a.m.  and  stop 
it  at  II  A.M.  If  a  more  complicated  system  is  made 
use  of,  it  will  not  be  properly  carried  out. 


(&)  Design  of  the  Tanks. 

The  design  of  the  tanks  varies  very  little  from  what 
we  have  already  described  in  the  septic  tank  latrine. 
The  shape,  the  depth,  the  position  of  sludge  cocks  and 
man-holes  are  in  every  way  the  same.  The  arrange- 
ment of  the  grit  chamber  does  not  require  any  alteration. 
With  a  lo-gallon  sewage  the  rest  in  the  tank  should  be  36 
hours  ;  there  is  no  object  in  having  it  longer  than  this. 
If,  however,  water  is  scanty  and  only  8  gallons  per  user  is 
available,  then  proportionately  longer  time  in  the  tank 
should  be  allowed,  that  is  to  say,  for  an  8-gallon  sewage 
48  hours  is  adequate,  and  for  a  5-gallons  a  full  3 
days'  rest  should  be  arranged  for  in  calculating 
tank  capacity.  It  will  be  found  that  dumping  tanks 
receiving  a  very  smaU  quantity  of  urine  often  give 
poor  results,  particularly  when  new;  the  presence 
of  urine  seems  to  assist  somewhat  in  the  septic 
action. 

For  a  dumping  tank  where  the  amount  of  sewage 
may  vary  very  considerably  in  quantity  at  different  times 
of  the  year,  as  for  instance  would  be  the  case  in  a  school 
^tank  during  holiday  time,  it  is  advisable  to  have  the 
available  tank  capacity  either  in  a  pair  or  m  3  or  4 


195 


similar  tanks.  This  does  not  increase  the  cost  very 
greatly  and  it  gives  very  much  greater  elasticity  of 
working  ;  thus  in  the  instance  given,  one  out  of  3  or 
4  septic  tanks  might  be  sufficient  for  the  number  of 
users  in  the  institution  during  the  recess;  the  disused 
tanks  may  be  emptied  or  be  fed  with  a  certain  amount 
of  water  daily. 

The  usual  practice  is  to  roof  septic  tanks  with 
masonry  arches  leaving  large  inspection  doors  where 
necessary.  The  roof  is  not  always  advisable,  specially 
if  the  conditions  under  which  the  tanks  are  going  to 
be  used  are  not  very  well  known.  A  cover  of  wood 
with  earth,  on  which  grass  is  growing,  forms  a  cheap 
and  convenient  roof  and  it  is  easily  opened  up  if 
required. 

A  very   important  practical    point   in  designing 
a  dumping  tank  is  that  the  inlet  part  must  be  covered 
up  with  an    air-tight  covering  ;  experience  has  shown 
that  It  IS  the  inlet  end  of  the  tank  that  gives  rise  to 
nuisance,  the  crude  sewage,  whether  arriving  in  pipes 
or  carts,  being  invariably  very  offensive  ;  consequently 
the  covers  of  the  inlet  chambers  should  always  be  very 
tight  and  adequate  ventilation,  by  means  of  shafts,  should 
be  provided.    On  the  score  of  economy  the  tank,  when- 
ever levels  will  permit,  should  be  sunk  in  the  ground  •  • 
if  this  IS  done,  then  one   of  two  methods  must  be 
adopted  for  the  removal  of  sludge,  either  that  given  in 
J:^ig.  Ill  (c)  where  sludge  pipes  are  fixed  into  the  tank  a 
pump  being  used  to  remove  the  sludge,  or  a  drain  must 
be  provided  along  the  outside  of  the  tanks  leading  into 
some   low-lymg  ground,  so  that  the  sludge   may  b.^ 
removed  by  simply  opening  the  cocks.    The  drain  may 
also  be  utihsed  as  a  subsoil  water  drain  in  the  event  of 
the  subsoil  water  being  very  high. 


(c)  Filters. 

Whether  aerobic  filters  are  necessary  or  not  must 
depend  on  the  cuxumstances  of  each  installation.  Pre- 
suming that  it  is  desirable  to  nitrify  the  eifluent,  exactly 
the  same  design  of  filters  as  those  laid  down  for  the  septic 
tank  latrines,  are  necessary  in  this  case  also.  If  fall  is 
available,  filters  may  be  placed  at  some  distance  from  the 
tank  on  a  lower  level  and  jet  distributers  may  be  used. 
If  the  available  fall  is  very  Httle,  then  it  is  recommended 
that  a  battery  of  small,  controlled,  heap  filters  be  arranged, 
the  effluent  being  distributed  either  by  troughs  or  some 
other  simple  appliances.  Contact  beds  may  also  be  used 
if  there  is  any  special  indication  for  putting  them  in. 

The  great  point  about  all  these  installations  and  the 
primary  difficulty  in  designing  them  is  to  avoid,  or  at 
any  rate  to  reduce  as  much  as  possible,  the  nuisance  that 
is  caused  by  dumping  crude  night-soil  into  the  tank; 
if  this  is  overcome  by  satisfactory  design  and  by  careful 
working,  there  is  no  doubt  whatever  that  the  tank  itself 
will  carry  out  its  functions  satisfactorily  without  any 
nuisance. 

The  advantage  of  this  method  of  disposal  of  night- 
soil  over  the  ordinary  trenching  grounds  may  be  briefly 
summarised  as  follows  : — 

(1)  The  method  is  sanitary. 

(2)  The  installation  can  be  worked  equally  well  in 
dry  as  well  as  in  wet  weather  and  is  not  upset  by  floods. 

(3)  The  whole  of  the  sanitary  imperfections  of 
trenching  grounds,  such  as  fiUing  the  trenches  too  full  of 
night-soil,  breeding  of  flies  and  many  others  disappear. 

(4)  On  the  whole,  this  method  is  cheap  m  the  long  run. 
The  tank  can  be  placed  close  to  a  large  town  as  long  as 
it  is  not  in  close  proximity  to  houses  and  near  much  fre- 
quented roads.    This  will  often  enable  a  considerable 
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reduction  in  the  staff  of  cartmen,  bullocks,  etc.  The 
amount  of  nuisance  caused  by  a  properly  designed 
dumping  tank  is  very  much  less  than  that  from  a  badly  run 
trenching  ground.  The  effluent  from  it  has  considerable 
manurial  value.  As  a  general  rule  it  is  easier  to  dispose 
of  a  septic  tank  effluent  to  cultivators  than  to  get  them 
to  take  night-soil.  This,  however,  does  not  apply  to  all 
parts  of  India,  for  in  many  of  the  southern  districts,  as 
Madura  and  Malabar,  night-soil  finds  a  ready  market  for 
rice  cultivation. 

The  disadvantages  are  principally  those  inherent  to 
all  Biological  processes,  viz.,  the  necessity  for  ample 
water  and  a  place  to  dispose  of  the  effluent. 

The  initial  cost  is  another  point  that  must  be  men- 
tioned, though  in  several  places  known  to  us,  the  saving 
effected  by  reduction  of  staff  would  pay  for  the  tank 
in  5  years. 

If  special  pumping  plant  is  necessary  to  supply  the 
water,  the  working  charges  are  increased,  and  little  sav- 
ing can  be  expected. 

Of  course,  it  must  be  understood  that  a  dumping 
tank  cannot  be  left  entirely  to  itself  ;  flushing  arrange- 
ments and  all  mechanisms  must  be  of  the  simplest  and 
strongest.  Under  any  circumstances  a  little  careful 
supervision  is  necessary. 


CHAPTER  XV. 


THE  USE  OF  SEPTIC  TANKS  IN  SMALL 
DRAINAGE  SCHEMES. 

TN  the  first  chapter  of  this  work  it  was  pointed  out 
that  septic  tanks  might  be  of  great  value  in  improv- 
ing the  sanitary  condition  of  small  hamlets  or  wards  of 
towns,  when  combined  with  a  very  simple  water-carriage 
system  for  the  removal  of  night-soil.  It  is  hardly  neces- 
sary to  repeat  that  India  has  not  yet  arrived  at  a  stage 
when  closets  and  house  connections  can  be  installed  as 
a  usual  practice.  The  cost  of  doing  so  would  be  pro- 
hibitive, and  the  people  are  not  sufficiently  educated  to 
require  these  arrangements.  There  is,  however,  no  reason 
why  a  much  cheaper  scheme,  possessing  most  of  the  good 
points  of  the  water-removal  system,  without  the  expense 
of  water  closets,  should  not  be  installed,  thereby  doing 
away  with  many  of  the  most  glaring  faults  of  the  hand- 
removal  system.  An  idea  of  what  is  meant  will  be  best 
understood  by  giving  a  series  of  examples. 

The  sanitation  of  hill  stations  is  always  a  trouble- 
some problem,  the  satisfactory  trenching  of  night-soil 
being  almost  an  impossibiUty.  The  difficulties  of  the 
hand-removal  system  are,  as  compared  with  plain 
stations,  multiplied  five  or  six  fold. 

Darjeelingis  the  chief  hill  station  in  Bengal,  and  as 
regards  its  sanitary  imperfections,  is  no  exception  to  the 
ordinary  rule.    Recently  a  scheme  has  been  drawn  up 


Fig,  XV  ((z). — Bhutia  Bustie  Section  of  Darjeeling  Scheme.    Iron  sewers  are  stiown  in  black  lines. 
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for  laying  what  we  call  'skeleton  sewers'  and  connected 
latrines.  The  Fig.  XV  {a)  gives  a  good  example  of  the 
sort  of  scheme  that  is  being  constructed.  The  plan 
XV  (a)  is  known  as  the  Bhutia  bustee  section.  This 
bustee  is  a  small  hamlet  situated  outside  of  Darjeeling 
proper.  The  houses  are  perched  on  small  terraces  on 
the  hill-sides ;  they  are  in  many  cases  too  close  together, 
as  the  plan  shows;  there  is  nothing  of  the  nature  of  a 
street  in  the  locality.  Many  of  the  house-owners  possess 
small  private  latrines,  usually  of  a  bad  type ;  others  use 
the  public  latrines.  The  population  of  the  hamlet  is 
about  2,500  souls.  Removal  of  night-soil  from  both 
public  and  private  latrines  is  difficult,  as  the  bustee  is 
situated  at  least  6  miles  from  the  trenching  ground  of 
Darjeeling,  and  3^^  miles  from  the  depot  where  night-soil 
is  loaded  in  the  train.  The  difficulty  of  removing  the 
night-soil  not  to  mention  the  urine,  of  2,500  people 
across  the  steep  slopes  of  a  spur  of  the  Himalayas  can 
be  imagined.  It  was,  therefore,  decided  to  put  in  a  few 
hundred  yards  of  cast-iron  pipes,  to  convert  the  public 
latrines  from  a  hand-removal  to  a  water-removal  type, 
and  to  arrange  for  "dumping  depots"  in  public  latrines, 
so  that  the  matter  from  private  latrines  would  only 
require  to  be  conveyed  by  hand  a  few  hundred  yards.  At 
the  end  of  this  short  length  of  pipe  a  small  installation 
of  septic  tanks  and  aerobic  filters  was  placed.  In  this 
system  there  are  six  connected  latrines.  The  water  for 
the  system  is,  as  a  temporary  measure,  specially  pumped 
by  an  electric  pump  from  a  mountain  stream  somewhat 
below  the  tanks.  A  reference  to  the  plan  will  show  the 
general  outlines  of  the  scheme,  so  that  further  description 
would  be  unnecessary.  The  improvement  effected  by  a 
small  scheme  of  this  kind  is  extremely  great.  In  the 
first  place,  the  night-soil  is  now  properly  disposed  of, 
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instead  of  being  scattered  all  over  the  hill-side,  and  a 
reduction  in  the  number  of  sweepers  for  this  bustee  is 
possible.  The  cost  of  installation  including  the  pump 
and  motor  is  about  Rs.  18,000,  but  with  a  cheaper  type 
of  latrine  the  cost  could  have  been  reduced. 

Fig.  XV  (b)  gives  three  other  systems  on  very 
much  the  same  lines,  that  are  shortly  to  be  installed  in 
Darjeeling.  Blocks  A  and  B  are  in  the  main  bazaars  of 
Darjeeling.  It  is  very  overcrowded  like  most  hill  bazaars 
and  satisfactory  removal  of  night-soil  by  the  hand- 
removal  system  is  extremely  difficult.  It  will  be  observ- 
ed that  comparatively  short  lengths  of  pipes,  to  which 
all  public  latrines  and  dumping  stations  are  connected, 
will  effect  an  enormous  improvement  in  the  sanitation 
of  the  town.  The  simplicity  of  the  system  is  its  chief 
good  point. 

It  may  be  argued  that  the  sewage  in  a  place 
like  Darjeeling  might  be  discharged  down  the  hill-side 
without  any  treatment  whatever.  This  is  hardly  to  be 
recommended ;  the  cost  of  septic  tanks  and  filters  adds 
very  little,  if  anything,  to  the  cost  of  the  scheme,  for 
they  can  be  constructed  for  nearly  the  same  sum  as 
would  be  expended  on  the  purchase  of  pipes  to  carry 
the  sewage  a  greater  distance  below  the  town. 

A  few  instances  of  the  application  of  the  same  sys- 
tem to  plain  stations  may  also  be  quoted.  Fig.  XV  (c) 
gives  a  drawing  of  the  railway  shops  at  Jamalpur.  The 
place  covers  about  40  acres  of  land  and  employs  12,000 
hands.  In  this  case  a  modification  of  a  sewage  system 
combined  with  septic  tanks  has  been  installed  and  is  giving 
very  satisfactory  results.  The  design  of  the  latrine  is 
given  in  Fig.  Ill  (a),  {b),  {c).  In  this  case  septic  tank 
latrines  are  placed  in  convenient  situations  for  the  work- 
men at  various  points  of  the  yard.    A,  B,  C,  D,  etc., 
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represent  the  latrines  in  the  plan.  The  effluent  from  these 
latrines  is  carried  by  an  underground  drain  to  a  plot 
of  ground,  where  it  is  put  through  percolating  filters 
and  is  finally  irrigated  over  land.  It  may  be  argued  that 
this  arrangement  possesses  no  advantages  over  simply 
installing  water  closets  and  laying  sewers.  As  a  matter 
of  fact,  there  are  considerable  advantages  in  combin- 
ing the  septic  tank  and  latrine  together  and  placing  the 
filters  well  away  from  the  workshops  in  a  spot  where 
plenty  of  space  is  available.  A  septic  tank  effluent  can 
be  carried  down  a  much  cheaper  system  of  underground 
drains  than  crude  sewage.  The  septic  tank  latrine  is  in 
reality  very  little  more  expensive  than  the  latrine  with- 
out the  septic  tank  would  be.  In  this  instance  the  tanks 
are  partially  underground,  so  that  this  further  reduces 
the  cost  of  construction. 

Probably  the  most  satisfactory  and  elaborate  scheme 
of  this  type  is  the  one  in  Malabar  Hill  in  Bombay.  Fig. 
XV  {d)  gives  a  plan  of  the  whole  system.  In  this 
case  281  houses  of  the  better  class  (with  a  total  popula- 
tion of  3,211  souls)  are  connected  by  means  of  under- 
ground drains  with  septic  tanks.  The  kitchen  waste 
water  is  also  passed  down  the  same  drains.  The  effluent 
runs  into  the  sea.  Without  the  use  of  septic  tanks, 
it  would  be  impossible  to  dispose  of  the  crude  sewage 
of  this  community  by  passing  it  into  the  sea  at  this 
point.  The  scheme  is  more  elaborate  than  is  possible 
or  advisable  for  ordinary  bazaar  work,  but  it  is  a  good 
example  of  these  minor  schemes,  in  which  a  septic  tank 
plays  an  important  part. 

Other  instances  could  be  given  of  this  type  of 
installation,  but  these  will  suffice.  The  point  that  one 
wishes  to  emphasize  in  giving  these  examples  is,  that  one 
difficulty  in  the  way  of  installing   the  water-carriage 
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system  has  always  been,  that  no  suitable  place  for  the 
disposal  of  the  sewage  could  be  found  without  making 
the  whole  neighbourhood  insanitary.  The  proper  use 
of  septic  tanks  does  away  with  this  important  objec- 
tion. It  is  possible  to  convert  the  sewage  into  a 
clear,  non-putrescible  and  non-odorous  efifluent,  which 
can  safely  be  treated  over  land  or,  if  it  is  sterilised,  pass 
into  a  stream. 

The  place  where  we  consider  that  this  system  of 
sewage  disposal  arrangements  might  be  extensively 
used,  is  in  the  barracks  of  British  regiments.  In  all 
cantonments  where  there  is  an  abundant  water-supply, 
there  is  now  no  reason  why  water  closets  and  water-fitted 
urinals  should  not  be  established.  The  improvement  in 
the  sanitation  of  barracks  and  the  consequent  improve- 
ment in  the  health  of  the  occupants  will  amply  repay 
for  the  expense  of  these  appliances.  The  result  of  such 
a  change  in  Malta  has  already  been  mentioned  ;  one 
might  safely  prophesy  that  a  considerable  improvement 
in  the  general  health  of  British  troops  in  this  country 
would  result  from  the  installation  of  a  water-carriage 
system,  and  the  doing  away  with  the  pernicious  hand- 
removal  arrangement.  ^ 
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SECTION  ON  AB 

Fig.  XV  (f).— Section  of  Bhutia  Bustie  Tank. 
It  is  made  of  reinforced  concrete  throughout  designed  by  G.  Robertson,  Esq.,  Municipal  Engineer,  Da!rjeeling. 
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Fig,  XV  (/).— Enlarged  plan  of  Bhutia  Bustie  Installation. 
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CROSS  SECTION 

Fig.  XV  (h).— Continued. 


CHAPTER  XVI. 


THE  FINAL  DISPOSAL  OF  SEPTIC 
TANK  EFFLUENT. 

T  T  is  extremely  difficult  for  those  unacquainted  with  the 
conditions  of  every-day  life  in  the  East  to  understand 
the  great  difference  between  sanitary  problems  in  the 
two  parts  of  the  world  ;  this  subject,  viz.,  the  ultimate 
disposal  of  the  septic  tank  effluent,  is  a  case  in  point.  In 
Western   countries,  where  practically  every  town  and 
village  has  a  pipe   supply,  the  possibihties  of  septic 
tank  effluent  being  a  source  of  danger  to  the  pubhc,  by 
contaminating  a  drinking  water,  are  somewhat  remote  ; 
but  in  India  things  are  different.    It  must  be  understood 
that  there  is  a  certain  percentage  of  the  population  in  this 
country,  who,  when  they  are  thirsty,  will  drink  practic- 
ally any  water  they  come  across.    Furthermore,  very 
few  people,  who  have  not  been  in  the  East,  will  really 
understand   what  it  means  to  be  short  of  water  for 
drmking   and  household  purposes.     Under  conditions 
such  as  these,  the  people  have  recourse  to  all  manner 
of  sources  for  their  daily  supply,  small  and  shallow 
puddles,  streams  with  a  mere  trickle  of  water  in  them, 
and  many  sources,  which  they  themselves  recognise 
as  being  unsatisfactory.     Consequently  to.  pollute  a 
tank,  river  or  stream  in  the  East  must  always  be  look- 
ed upon  as  undesirable,  for  it  is  extremely  hkely  to  affect 
public  well-being.    Of  course,  the  people  themselves  are 
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extremely  careless  about  the  pollution  of  water ; 
bathing,  washing  of  clothes,  not  to  mention  other 
still  more  objectionable  practices,  are  very  common  in 
village  tanks,  from  which  the  people  draw  their  daily 
supply. 

Septic  tank  effluent  must  always  be  looked  upon  as 
potentially  dangerous.  Houston's  conclusion,  that  "  the 
effluents  from  bacteria  beds  ought  to  be  regarded  as 
hardly,  if  at  all,  more  safe  in  th^ir  possible  relation  to 
disease  than  the  raw  sewage  before  treatment  "  {Clowes 
and  Houston),  has  been  accepted  by  sanitarians  generally, 
and  nobody  has,  up  to  the  present,  challenged  the  state- 
ment. Therefore  one  cannot  look  with  equanimity  on 
the  passing  of  a  quantit}'  of  septic  tank  effluent,  however 
good  in  quality,  into  a  river  from  which  a  large  propor- 
tion of  the  population  of  a  town  draw  their  drinking 
water. 

Furthermore,  as  a  general  rule,  the  arrangements 
for  the  discharge  of  septic  tank  effluent  leave  very  much 
to  be  desired  ;  the  fluid  is  usually  run  down  open  drains 
and  passed  into  the  river  at  the  edge.  It  not  inf  requently 
happens,  that  just  below  the  outfall  there  may  be  a 
bathing  ghat,  or  places  from  which  drinking  water  is 
taken.  From  chemical  and  bacteriological  analysis  of 
the  River  Hooghly,  there  is  no  doubt  whatever  that  a 
very  inferior  quahty  of  water  is  obtained  at  the  edge  ;  it 
is  not  unusual  to  flnd  some  hundreds  of  intestinal  organ- 
isms per  c.  c.  in  samples  taken  close  to  the  bank,  whereas  ' 
in  mid-stream,  only  one  or  two  per  c.  c.  are  usually  present 
in  dry  weather.  Therefore,  if  a  septic  tank  effluent  has 
to  be  discharged  into  a  river,  where  the  volume  of  water 
is  great,  it  is  better  to  discharge  it  well  into  the  stream, 
so  that  dilution  takes  place  at  once ;  this  is  unfortunately 
impracticable  in  the  Hooghly. 
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It  must  not,  however,  be  supposed  that  f cecal  organ- 
isms are  derived  only  from  effluent  ;  an  insjDection  of  the 
bank  in  the  morning  shows  very  clearly  that  the  fore- 
shore is  used  as  a  latrine  by  the  very  people  who  rely  on 
the  river  for  a  drinking  supply. 

The  ordinary  methods  of  the  people  in  drawing  their 
daily  supply  renders  this  pollution  along  the  banks  doubly 
dangerous.  The  housewife  goes  down  to  the  river,  bathes 
herself,  washes  some  clothes  belonging  to  some  member  of 
the  household,  then  having  filled  her  water-pot,  takes  it  to 
her  house  for  the  needs  of  the  family.  With  tlr's  simple 
and  primitive  arrangement  the  possibilities  of  carrying 
away  a  contaminated  water  seems  to  be  extremely  great. 
It  is  difficult  to  imagine  what  the  results  would  be  sup- 
posing the  rivers  in  England  were  used  in  the  same 
manner.  We  need  not  elaborate  the  point  further  ;  we 
simply  wish  to  emphasize  the  statement,  that  pollution 
of  any  water  in  the  East  is  more  dangerous  than  in  the 
West,  because  one  never  knows  whether  it  is  used  for 
drinking  purposes  by  some  section  of  the  community. 

We  will  now  discuss  the  various  methods  of  disposal 
of  septic  tank  efiffuent. 


(i)    By  passing  it  over  land. 

This  is  probably  the  most  satisfactory  of  all  methods 
of  disposal  of  septic  tank  effluent.  If  plenty  of  land 
is  available,  there  is  no  necessity  whatever  to  instal 
aerobic  filters,  so  that,  the  whole  of  the  initial  cost 
and  maintenance  of  filters  is  dispensed  with.  The  reasons 
for  the  proviso  "  as  long  as  plenty  of  land  is  available  " 
is,  that  an  unfiltered  effluent  contains  more  colloid  mate- 
rial than  a  filtered  effluent,  therefore  the  land  must  not 
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be  overworked  or  clogging  will  result.  In  some  parts 
of  India,  where  this  method  of  disposal  is  carried  out, 
there  is  no  necessity  to  underdrain  the  land,  the  water 
passing  into  the  subsoil  ;  in  other  places  drains  are 
advisable. 

Another  distinct  advantage  of  this  method  is  that 
with  careful  management  a  very  considerable  profit  can 
be  made  from  the  crops  produced  on  the  ground ;  European 
vegetables,  "  heriali  "  grass,  oats,  potatoes  can  be  grown 
very  satisfactorily  on  sewage  farms.  In  Ootacamund  all 
these  were  tried  with  considerable  success  ;  probably 
the  best  crop  for  that  part  is  oats,  cut  whilst  green, 
and  used  as  fodder  for  cattle  and  horses  ;  "  Lucerne  "  and 
"  heriali  "  grass  have  also  been  found  to  be  satisfac- 
tory from  every  point  of  view.  Since  the  septic  tank  was 
installed  in  Ootacamund,  the  nuisance,  which  was  occa- 
sionally complained  of  when  crude  sewage  was  irrigated, 
has  entirely  disappeared. 

The  limitations  of  this  method  of  disposal  of  septic 
tank  effluent  are  obvious,  namely,  that  it  is  useless  to 
attempt  it  unless  a  suitable  soilis  available.  As  a  rule,  such 
can  be  found  in  all  laterite  districts,  so  that  in  the  Madras 
Presidency  this  method  of  disposal  of  effluent  may  be  looked 
as  the  standard.  In  Bengal  and  in  many  other  parts  of 
India  there  is  practically  no  suitable  soil.  An  attempt 
to  irrigate  with  effluent  the  clayey  alluvia  of  Bengal 
would  simply  result  in  manufacturing  thousands  of  small 
puddles,  which  would,  in  a  very  short  time,  breed  millions 
of  mosquitoes.  Occasionally  patches  of  suitable  soil  are 
found  on  the  banks  of  the  Ganges,  where  a  sandy  loam  is 
met  with,  but  this  is  comparatively  rare.  In  places 
where  septic  tanks  are  likely  to  be  most  required,  namely, 
near  manufacturing  towns,  large  plots  of  suitable  ground 
are  not  easy  to  obtain. 
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It  will  be  found  that  passing  effluent  over  land  is  usu- 
ally best  suited  to  a  "dumping"  septic  tank  or  to  tanks 
which  are  placed  at  the  end  of  a  sewage  scheme,  whether 
large  or  small,  because  these  are  situated  outside  the 
town  where  land  is  obtainable.  In  most  instances  land 
treatment  will  not  be  possible  in  the  neighbourhood  of 
the  latrine.  The  unnitrified  effluent  may,  as  is  the  case 
in  Jamalpur,  be  run  down  drains  to  a  plot  of  ground 
where  it  is  passed  through  aerobic  fflters  and  irrigated. 

We  must  admit  that  the  scientific  aspect  of  land 
treatment  of  effluent  in  the  tropics  has  not  yet  received 
the  attention  it  deserves,  partly  because  we  have  no 
opportunity  in  Bengal  of  studying  the  question  from 
working  installations.  We  are  therefore  not  in  a  position 
to  give  much  assistance  in  such  important  matters  as  the 
quantity  of  effluent  per  acre  that  any  given  soil  will 
purify.  In  most  cases  that  have  come  under  our 
observation,  the  Agricultural  Authorities  have  utilised  the 
effluent  to  the  best  advantage  of  the  crops,  so  as  to  give 
the  best  financial  return,  without  considering  the  quality 
of  the  effluent  obtained.  As  long  as  the  land  available 
IS  more  than  sufficient,  there  is  no  objection  to  this  pro- 
cedure, for  no  particular  plot  is  hkely  to  be  overworked 
because  the  effluent  in  this  country  is  extremely 
strong,  and  plants  do  not  require  very  large  quantities 


(2)    Discharge  of  effluent  into  the  sea. 

•  tank^ffl     f "  '  7^  Settrng  rid  of  septic 

tank  effluent  m  places  where  it  is  possible.  As  in  the 
case  o  distribution  over  land,  thereis  usually  no  necessi  y 
to  nitrify  the  effluent;  it  can  be  run  into  the  sea  without 
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passing  it  through  aerobic  filters.  Arrangements  must 
always  be  made  to  carry  the  discharge  pipe  well  below 
the  ebb-tide  level,  so  that  immediate  dilution  takes  place. 
It  is  also  advisable  to  consult  the  Marine  Department 
to  ascertain  which  way  the  currents  flow  at  various  stages 
of  the  monsoons.  With  a  good  effluent  there  is  no 
particular  necessity  to  pond  it  up  and  discharge  it  with 
a  falling  tide,  but  this  is  usually  done.  During  the  pond- 
ing-up  stage  contact  beds  can  be  made  use  of.  It  is 
perfectly  obvious  that  a  good  effluent  discharged  into  the 
sea  can  be  no  nuisance,  whereas  a  crude  sewage,  specially 
if  it  is  fresh,  always  contains  a  large  amount  of  foecal  mas- 
ses, which  are  apt  to  be  washed  up  and  deposited  on  the 
foreshore.  This  state  of  affairs  is  extremely  insanitary 
and  very  dangerous  to  the  pubhc  health.  The  discharge 
of  sewage  into  the  sea  in  the  East  is  not  complicated  by 
such  considerations  as  the  presence  of  oyster  beds,  in 
any  place  we  have  heard  of,  though  shell  fish  are 
plentiful  along  the  sea-coast  and  are  not  infrequently 
eaten  by  Europeans. 


(3)    Discharge  of  the  septic  tank  kffluent  into 

SPECIALLY  CONSTRUCTED  TANKS  OR  PONDS. 

There  is  no  doubt  whatever  that  this  is  a  method 
of  disposal  of  septic  tank  efiiuent  which  has  not  received 
anything  like  sufficient  consideration  in  the  East.  The 
actual  quantity  of  septic  tank  effluent  that  has  to  be 
disposed  of,  is  in  most  places,  very  small ;  this  is  one  of 
the  few  advantages  of  dealing  with  a  very  concentrated 
sewage.  The  total  population  of  the  Gouripur  Mill, 
which  is  one  of  the  largest  in  the  neighbourhood  of 
Calcutta,  is  about  8,000,  and  the  amount  of  sewage 


209 

that  is  obtained  from  this  community  is   only  about 
50,000  gallons  daily.    This  quantity  of  effluent  could  be 
run  into  a  pond  of  ^  to      of  an  acre  in  extent  without 
making  any  appreciable  difference  to  the  appearance  of 
the  water.    The  work  carried  out  at  the  King  Institute 
by  my  assistants  and  myself  {vide  the  Study  of  the 
Bacteriology  of  Drinking  Water  Supplies  in  the  Tropics) 
demonstrates  the  rapidity  with  which  a  very  highly 
polluted  water   is  purified,    due   to    the    action  of 
settlement  and  tropical  sunlight.    Provided  the  daily 
quantity  of  septic  tank  effluent  is  not  too   great,  it 
is  perfectly  possible  to  put  it  into  a  small  tank  or 
pond  for  years  together,  without  in  any  way  spoiling 
the  appearance  of  the  pond,  or  giving  rise  to  any 
nuisance  whatever.      Of  course,  it  is  understood  that 
this  particular  sheet  of  water  should  be  protected,  and 
people  should  not  be  allowed  to  drink  it.    A  pond  of 
this  nature  should  be  stocked  with  fish,  particularly 
the  little  haplochihis,  which  lives  on  mosquito  larv^.  It 
is  also  advisable  to  introduce  the  ordmary  lotus  into  the 
pond,  as  the  growth  of  this  kind  of  plant  has  an  action 
in  using  up  the  nitrates  in  the  water  and  they  are  beauti- 
ful in  themselves. 

The  instaUation  at  Entally  has  been  discharging  its 
effluent  into  what  may  be  legitimately  described  as  a 
dirty  httle  puddle,  which  is  only  about  thirty  feet  in 
diameter  and  about  3  feet  deep,  for  five  years,  still 
there  has  never  been  any  nuisance  arising  from  it  nor 
does  It  seem  to  have  altered  in  appearance.  There  is 
no  doubt  whatever  that  in  many  places,  where  suitable 
land  for  irrigation  purposes  is  not  available,  the  dis- 
charging of  septic  tank  effluent  into  a  fairly  large 
sheet  of  water,  is  one  of  the  most  sanitary  ways  of  d-s 
posing  of  it.  J  J 
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(4)    Discharges  into  rivers,  irrigation 

CANALS  or  water-courses. 

From  what  has  been  said  in  the  introductory  para 
graph  of  this  chapter,  it  is  obvious  that  the  disposal  of 
septic  tank  effluent  by  allowing  it  to  run  into  rivers  is 
one  which  is  open  to  very  serious  objection.  The  weight 
of  this  objection  varies  with  several  factors,  viz.  (i)  the 
quantity  and  quality  of  effluent  to  be  discharged,  (ii)  the 
quantity  of  water  available  for  rapid  dilution,  (iii)  the 
number  and  nature  of  the  population  inhabiting  the  banks 
10  or  20  miles  below  the  outfall,  (iv)  the  velocity  of  the 
current  in  the  river  and  whether  it  is  tidal  or  not.  The  con- 
nection that  these  bear  to  the  problem  is  obvious  and  need 
not  be  discussed  at  length  ;  thus,  it  would  be  most  unsound 
from  a  sanitary  point  of  view,  to  allow  a  large  volume 
of  very  indifferent  effluent  to  run  into  a  small  stream, 
that  supplied  drinking-water  to  large  villages  within 
10  miles  of  the  outfall ;  whereas  to  allow  a  few  thousand 
gallons  of  a  well-nitrified  effluent  to  pass  into  a  huge 
volume  of  water  (many  of  the  settlements  on  the 
banks  being  provided  with  a  iiltered  supply)  would  be 
practically  free  from  objection.  Rapid  and  ample  dilu- 
tion, the  action  of  the  tropical  sun  and  the  power 
that  rivers  undoubtedly  possess  of  purifying  themselves, 
aU  tend  to  the  destruction  of  hving  pollution,  otherwise 
every  river  in  the  East  would  be  the  main  factor  in  the 
spread  of  disease.  Recent  researches  of  Houston,  on  the 
viabiUty  of  Enteric  organisms  in  the  Thames  water,  and 
the  work  on  the  action  of  sunlight,  done  in  the  King 
Institute,  Madras,  all  confirm  these  statements,  so  that 
due  consideration  should  be  given  to  these  facts  and  the 
improvement  of  the  sanitary  condition  of  a  communi  y 
should  not  be  postponed  for  reasons  which  are  not  really 
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valid.  Septic  tank  effluent  is  better  than  crude  sewage, 
and  much  of  the  latter  finds  its  way  into  a  river,  if 
sanitary  arrangements  are  inadequate  or  imsatisfactory. 

It  is  impossible  to  lay  down  any  absolute  rule  as  to 
whether  or  not  septic  tank  effluent  should  be  discharged 
into  a  river  or  stream  ;  as  in  all  sewage  problems,  each  case 
must  be  judged  on  its  own  merits.  One  is  only  able  to 
say  that  from  a  sanitary  point  of  view  and  from  a  study 
of  the  habits  of  the  people  in  this  country,  the  pollution 
of  a  water  course  may  be  fraught  with  very  much  more 
serious  results  than  it  is  in  Europe.  Therefore,  when- 
ever possible,  septic  tank  effluents  should  be  otherwise 
disposed  of.  Faihng  any  other  method,  the  necessity  for 
sterihsing  the  effluent,  before  passing  it  into  the  stream, 
must  be  carefully  considered,  the  whole  circumstances  of 
the  case  being  duly  examined. 

(5)    Using  the  septic  tank  effluent  for 
boiler  purposes, 

This  would  be   a  very  satisfactory  way  of  getting 
rid  of  effluent  in  large  mills  and  workshops.  Unfor- 
tunately, however,  it  is  practically  impossible  on  account 
of  caste  prejudice  ;  the  boiler  tindals  and  firemen  would 
not  have  anything  to  do  with  the  boilers,  if  they  came 
to  know  that  anything  connected  with  sewage  was  used 
with  the  feed-water.    It  would   necessitate  employing 
sweepers   in  the  boiler  room.    There  is  no  doubt  that 
ammoniacal    septic    tank    liquid    would  be,   in  many 
places,   distinctly  advantageous  to  the  millowners  as 
It  would  prevent   the  heavy  hme  scale  forming 'the 
mside  of  the  boiler.    We  can,  therefore,  only  say  that 
this  method  of  disposal  of  septic  tank  effluent  iL  not 
yet  come  within  the  bounds  of  practical  application,  on 
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account  of  the  religious  prejudices  of  the  people 
employed  in  the  engine  room  and  boiler  houses. 

(6)    Raising  the  effluent  to  boiling  point 
by  means  of  an  apparatus  placed  in 
the  flue  of  the  boiler. 

It  was  suggested  that  the  effluent  might  be  volatil- 
ized or  raised  to  boiling  point  by  passing  it  through  a 
coil  of  pipes  in  the  flue  of  the  boilers.  Certain  experi- 
ments were  made  at  Tittagarh,  but  they  were  not  success- 
ful because  there  were  some  defects  in  the  apparatus, 
which  was  made  locally.  The  amount  of  pipe  surface 
exposed  to  the  heat  was  insufficient  for  the  quantity 
of  effluent  that  was  passed.  During  the  smallest  flow 
of  effluent  through  the  pipes,  the  highest  temperature 
registered  was  onh"  120°  F  ;  this  was  obviously  no 
use,  and  the  matter  has  been  referred  to  a  firm  of 
engineers  in  London  who  make  a  speciality  in  this  kind 
of  plant. 

Sterilization  of  septic  tank  effluent. 

From  what  has  gone  before,  it  is  obvious  that  the  cir- 
cumstances under  which  it  may  be  necessary  to  insist 
on  the  steriUzation  of  septic  tank  effluent  before  it  is 
discharged,  are  more  numerous  in  India  than  in  Europe; 
consequently  the  subject  has  received  a  lot  of  attention  in 
Bengal  and  we  give  the  result  of  our  experience  below. 

The  only  method  of  sterilising  a  sewage  or  effluent 
which  is  both  cheap  and  feasible  is  to  make  use  of  a 
solution  of  chlorine  or  hypochlorites,  and  the  simplest 
way  of  preparing  this  is  by  mixing  ordinary  commercial 
chloride  of  lime  with  water.  A  great  deal  of  work  has 
recently  been  done  on  the  use  of  chloride  of  lime  as  a 
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disinfectant,  particularly  by  Dr.  Schumacher  (Gesund- 
heits  Ingenieur  of  Berlin),  Proskauer,  Dunbar,  Rideal, 
Thresh  and  ourselves  in  this  country.  The  results  of  all 
workers  have  shewn  that  it  is  the  cheapest  germicide 
for  large  quantities  of  fluid.  The  work  carried  out  by 
ourselves  was  undertaken  with  a  view  to  sterilising 
septic  tank  effluents.  The  conclusions  arrived  at  were 
as  follows  : — 

(i)  that  5  grains  per  gallon  of  chloride  of  lime  is 
ample  to  sterihse  a  bad  effluent,  and  that 
this  amount  leaves  a  good  margin  for  errors 
in  adding  the  reagent  ; 

{ii)  that  I  grain  per  gallon  of  chloride  of  lime  is 
sufficient  to  sterilise  an  effluent,  provided 
the  lime  contains  over  30  per  cent,  avail- 
able chlorine,  that  it  is  added  in  the  best 
method,  and  that  the  effluent  is  a  good  one; 

{ni)  that  sunlight  is  the  powerful  factor  in  split- 
ting up  the  unstable  compounds  of  oxygen, 
hydrogen  and  chlorine ; 

[iv]  that  a  weak  solution  of  chloride  of  lime  is 

altered  with  extraordinary  rapidity  in  the 
sunlight  ;  the  stronger  the  solution,  the  less 
it  is  altered. 

(v)  that  even  weak  solutions  lose  very  little  of  their 

available  chlorine  if  kept  out  of  the  sunlight ; 
{vi)  that  the  best  method  of  adding  chloride  of 
lime  to  an  effluent  is  to  make  a  mixture 
of  the  powder  in  water  and  run  in  the 
hquor.  For  this  process  it  is  necessary  to 
make  up  a  strong  solution  6  or  12  oz.  per 
gaUon  and  to  keep  the  hd  on  the  receptacle. 
One  gallon  of  the  6  oz.  solution  is  sufficient 


for  500  gallons  of  effluent,  and  i  gallon 
of  the  stronger  solution  will  sterilise  1,000 
gallons ; 

[vii)  that  a  weak  solution  of  chloride  of  lime  is 
rapidly  split  up  by  the  sunlight,  so  that 
free  chlorine  cannot  be  found  in  the  river 
a  short  distance  from  the  drainage  outfall; 
{viii)  that  chloride  of  hme  kept  under  suitable 
conditions  does  not  deteriorate  so  rapidly 
as  to  render  the  process  liable  to  failure. 
As  to  the  best  method  of  adding  the  chloride  of 
lime  liquor  to  the  fluid  to  be  sterilized,  various  kinds  of 
apparatus    have    been    made,   all  of  which  possess 
some  unfortunate  drawback.    The  method  laid  down  in 
Bengal  is,  to  make  a  mixture  of  chloride  of  lime  and 
water  in  a  wooden  tub,  to  allow  lime  to  settle  to  the 
bottom:  the  clear  supernatant  fluid  is  to  be  run  into  the 
effluent  as  it  passes  into  a  small  tank.    The  arrangement 
has  given  a   great  deal  of  trouble,  because  the  lime 
invariably  blocks  the  tap,  and  it  was  practically  impos- 
sible to  keep  a  proper  flow   of  the  disinfectant  fluid. 
This  difficulty  can  be  partially  overcome  by  Nvrapping 
up  the  lime  in    a  small  bag  made  of  sacking.    This  is 
put  into  the  tub  of  water  and  stirred   about  ;  the 
hypochlorites  dissolve    rapidly  in  the  water  forming 
a  green  liquor,    the  lime  being  retained  in  the  bag 
does  not  block  up  the  tap.    In  many  of  the  installations 
in  Bengal  a  masonry  tank  has  been  provided  into  which 
the  filtered  effluent  flows,  a  certain  amount  of  hquor 
of  chloride  of  Hme  is  added   and    the   contents  are 
syphoned  over  into  the  discharge  drains. 

The  good  point  in  the  use  of  liquor  of  chloride  of 
lime  is,  that,  it  is  absolutely  rehable  and  rapid  in  action  ; 
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in  a  very  few  minutes  it  will  render  a  large  volume  of 
septic  tank  effluent  practically  sterile. 

Another  advantage  is  that  it  is  very  cheap  ;  chloride 
of  lime  costs  onlyRs.  lo  per  cwt.  landed  in  Calcutta  ;  the 
whole  of  the  effluent  from  a  large  mill  can  be  sterilized 
for  about  Rs.  30  a  month. 

The  disadvantages  are  that  it  requires  a  certain 
amount  of  attention.  The  sweepers,  as  a  general  rule,  do 
not  look  after  the  tubs  carefully  and  the  mill  engineers  are 
too  busy  to  do  so.  Improved  method  of  adding  the  liquor 
of  lime  will  probably  be  evolved,  but  at  present  the  weak 
point  in  the  arrangement  is  that  it  is  not  absolutely  au- 
tom.atic  and  cannot  be  left  entirely  to  itself. 

The  patent  fluid  advertised  under  the  name  of 
"  Chloros "  would  probably  be  equally  satisfactory, 
provided  it  is  sufficiently  cheap.  We  may  add  that  there 
is  considerable  likelihood  of  a  disinfectant  being  placed 
on  the  market  in  Calcutta,  manufactured  by  electrolyz- 
ing  a  solution  of  common  salt,  as  is  done  in  Poplar,  Lon- 
don. The  use  of  this  solution  would  get  over  the 
difficulty  of  the  blocking  up  of  the  pipes  with  hme,  and 
would  be  making  use  of  the  same  reagent.  It  is  at 
present  somewhat  doubtful  as  to  whether  the  cost  of 
this  fluid  will  not  be  greater  than  the  liquor  manu- 
factured from  the  chloride  of  lime. 

No  other  disinfectant  that  we  are  at  present  aware 
of  can  compete  with  liquor  of  chloride  of  hme. 


Case  in  which  disinfection  of  effluent 
is  necessary. 

It  is  impossible  to  lay  down  any  hard-and-fast  rule 
as  to  when  an  effluent  ought  to  be  sterilized  and  when  not. 
On  broad  principles  it  may  be  stated  that  whenever 
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large  quantities  of  effluent  or  purified  sullage  are  passed 
into  a  comparatively  small  river,  which  may  be  the 
drinking  supply  of  villages  not  far  distant,  that  sterilis- 
ation should  be  undertaken. 

There  is  no  necessity  to  sterilise  an  effluent  that  is 
passed  over  land,  or  that  is  run  into  a  pond,  where  the 
natural  forces  bring  about  slow  but  sure  purification. 

There  is  also  less  necessity  for  sterilising  an  effluent 
if  it  can  be  discharged  well  away  from  the  banks  into  a 
large  river. 


CHAPTER  XVII. 


THE  MANAGEMENT  AND  LAYING  OUT  OF 
"TRENCHING  GROUNDS." 

^LTHOUGH  the  "trenching"  of  night-soil  could, 
strictly  speaking,  be  called  a  biological  process, 
it  is  not  usual  to  include  it  in  the  same  category 
as  septic  tanks.  These  depots,  hoM^ever,  play  such  a 
very  important  part  of  the  disposal  of  sewage  in  the 
tropics,  that  we  consider  it  desirable  to  give  some  idea 
as  to  the  best  method  of  laying  out  the  ground  and 
managing  these  places. 

It  is  not  proposed  to  discuss  here  the  arrangement 
for  collecting  and  conveying  the  material  to  the  trench- 
ing ground ;  suffice  it  to  say  that  it  is  usual  to 
bring  -it  in  large  iron  carts,  hand  carts  or  buckets.  A 
trenching  ground  "may  be  defined  as  a  plot  of  ground 
m  which  night-soil  is  disposed  of  by  burying  it  in  the  soil. 

Position  of  Trenching  Grounds. 

The  trenching  grounds  should  always  be  situated 
outside  a  town  at  a  distance  of  about  i  to  i  a  mile  from 
the  nearest  dwelling  place  ;  there  is  no  particular  object 
m  exceeding  this,  the  further  one  gets  away  from  the 
town,  the  more  expensive  does  the  removal  of  night-soil 
become  ;  it  is  necessary,  however,  to  have  the  disposal 
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ground  at  a  sufficient  distance  from  an  inhabited 
quarter,  so  that  nuisance  will  not  be  caused.  Trench- 
ing grounds  should,  if  possible,  always  be  on  the 
side  of  the  town  away  from  the  prevailing  wind. 
It  is  distinctly  advantageous  if  the  ground  can  be 
separated  from  the  town  itself  by  a  clump  of  bamboos, 
or  other  rapid  growing  tree,  or  a  mango  tope.  Trenching 
grounds  should  not  be  placed  near  the  banks  of  rivers, 
and  it  is  better,  if  possible,  to  conduct  the  storm-water 
drainage  of  the  ground  on  to  low-lying  cultivated  land, 
than  to  let  it  pass  into  streams. 

Character  of  the  Soil. 

Character  of  the  soil  necessary  for  satisfactory  dis- 
posal of  night-soil  is  of  very  great  importance.  The  best 
soil  is  undoubtedly  a  light,  fertile  loam.  The  action  of 
converting  the  organic  nitrogen  in  human  excreta  into 
nitrates  is  purely  bacteriological  in  character,  being  due 
to  nitrifying  organisms  in  the  soil.  These  organisms  are 
much  more  numerous  in  the  upper  layers  of  the  ground 
than  in  the  lower  ;  therefore  it  is  better  to  keep  the 
excreta  as  near  the  surface  as  is  safe  from  a  sanitary 
point  of  view.  It  is  also  obvious  that  the  more 
fertile  the  soil,  that  is  to  say,  the  more  organisms  it 
contains,  the  more  rapid  will  be  the  action  on  the  excreta 
itself. 

Light  sandy  loam,  that  is  occasionally  found  on  the 
banks  of  large  rivers,  makes  a  very  good  soil  for 
trenching  purposes.  It  is  absorbent,  and  its  bacteriolo- 
gical activity  is  great. 

Plots  of  ground  composed  largely  of  river  or  sea  sand 
have  been  used  in  many  places  as  trenching  grounds. 
These  give  satisfactory  results  up  to  a  certain  point,  but 


investigation  shows  that  the  decomposition  of  the  excreta 
is  sometimes  slow,  owing  to  the  fact  that  sand  contains 
comparatively  few  of  the  common  soil  organism.  In  the 
Madras  Presidency  quite  a  large  number  of  Municipal- 
ities are  making  use  of  sand  with  satisfactory  I'esult. 

Black  cotton  soil  makes  a  most  excellent  soil  for 
trenching  purposes  as  long  as  it  is  dry,  when  it  is  wet 
it  becomes  a  sticky  mud,  and  in  this  condition  it  is  not 
very  suitable.  As  a  general  rule^  the  districts  where 
black  cotton  soil  is  available  have  a  smah  rainfall,  so 
that,  in  actual  practice,  this  difficulty  can  be  fairly 
easily  overcome. 

The  kind  of  soil  which  gives  bad  results  is  heavy 
alluvial  clay,  when  it  is  wet  it  holds  too  much  water  and 
when  dry  it  forms  hard  clods.  Furthermore  in  the  rainy 
season  water  stands  about  in  large  quantities  and  may 
pass  into  drains  and  streams  which  are  used  as  drinking 
supply  for  villages.  A  soil  of  this  kind  is  particularly 
non-absorbent,  the  consequence  is  that  trenching 
grounds  situated  on  this  formation  almost  invariably 
give  rise  to  bad  smell  and  nuisance.  Probably  the  best 
soil  for  rapidly  deodorising  night-soil  is  dry  black  cotton 
soil,  It  is  very  easily  powdered  and  is'  very  absorbent. 

SiZK  AND  METHOD  OF  LAVING  OUT  OF  TRENCHING 

GROUNDS. 

Trenching  grounds  should  always  be  of  sufficient  size 
to  allow  of  trenching  of  the  excreta  of  the  total  population 
for  a  period  of  three  years  without  using  any  part  of  the 
land  twice.  A  trenching  ground  may  be  larger  than  this 
and  It  IS  often  more  profitable,  from  an  agricultural  point 
of  view,  to  have  them  very  large,  but  the  minimum  size 
should  never  be  less  than  the  above. 
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The  whole  area  should  be  divided  into  three  equal 
plots.  Plot  No.  I  should  be  trenched  this  year,  plot  2, 
having  been  trenched  the  previous  year,  should  be  lying 
fallow,  and  plot  3  should  be  under  cultivation. 

If  the  cultivation  takes  the  form  of  a  garden  for 
European  vegetables,  a  considerable  portion  of  plot  No.  2 
can  be  utilised  six  months  after  it  has  been  trenched. 

A  good  pucca  road  leading  from  the  town  to  the  trench- 
ing ground,  sufficiently  wide  to  allow  two  carts  to  pass, 
should  always  be  provided.  This  is  very  important  and 
greatly  increases  the  general  efficiency  of  the  conservancy 
staff.  Roads,  either  one  or  two  in  number,  according  to 
the  shape  of  the  plots,  should  be  constructed  into  each 
plot  of  ground,  so  as  to  enable  the  carts  to  come  right 
up  alongside  the  trenches  to  discharge  their  load. 
Figure  XVII  (a)  shows  how  the  roads  are  best  laid  out. 

PLAN  OF  ROADS  IN  A  TRENCHING  GROUND. 


TRENCHE.S 


PL0T.1 
TRENCHING  GOING 
ON 


PLOT  II 

LYING  FALLOW 


PLOT  III 
UNDER  CULTIVATION 


Road  from  Town. 
Fig.  XVII  («). 
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The  best  dimensions  for  the  trenches  are  i8  inches 
broad,  by  12  or  18  inches  deep,  according  to  the  character 
of  the  soil,  the  length  being  immaterial;  they  should 
not,  however,  be  too  long,  for  it  necessitates  filling  the 
trenches  from  2  or  3  different  points  ;  20  to  30ft.  is  a 
very  suitable  working  length.  The  trenches  should  be 
cut  24"  apart.  Into  these  trenches  only  a  quarter  or  a 
third  of  the  total  depth  should  be  filled  with  night-soil. 
The  orders  that  suit  Bengal  are,  that  in  the  dry  weather 
6  inches  of  night-soil  may  be  placed  in  a  trench  18"  deep, 
and  4  inches  in  a  trench  12"  deep,  in  wet  weather  4I 
inches  in  an  18-inch  and  3  inches  jn  a  12-inch  trench.  If 
more  than  this  is  placed  in  the  trenches,  when  the  earth 
IS  filled  in,  the  night-soil  wells  up  and  comes  to  the 
surface  of  the  ground,  causing  great  nuisance.  As  the 
earth  is  being  raked  into  the  filled  trenches  it  should 
be  broken  up  as  much  as  possible. 

A  system  has  been  in  vogue  in  some  parts  of  India 
in  which  night-soil  is  placed  in  trenches  only  about  6 
mches  deep,  the  idea  of  this  being  to  keep  the  material 
as  near  the  surface  and  active  layers  as  possible  This 
IS  all  very  well  in  theory,  but  it  is  extremely  bad  in  prac- 
tice, because,  with  the  drying  action  of  the  Indian  sun 
and  hot  wmds,  a  very  highly  infective  dust  is  hable  to  be 
manufactured  by  this  method  of  trenching  It  is 
much  better  to  bury  the  material  at  least  12  inches 
deep,  the  earth  which  is  heaped  on  to  the  top  of  the 
excreta  comes  from  the  surface  layers  and  is,  therefore, 
fficient  y  active  for  all  practical  purposes.  Veiy 
shallow  trenching  can  be  done  m  private  gardens 
where  very  great  care   in  carrying  out  the  work  s 

unsa  isfactory  when  left  to  the  ordinary  sweeper 
Another  disadvantage  of  shallow  trenching^is  that  Tt 


requires  a  very  large  number  of  trenches  for  a  com- 
paratively small  quantity  of  night-soil,  hence  it  is  more 
expensive  than  the  method  recommended  above. 

A  well  or  tank  should  always  be  provided  in  the 
neighbourhood  of  trenching  grounds  for  the  dual  purpose 
of  washing  the  buckets  and  carts  and  irrigating  a  part  of 
the  ground  which  is  under  cultivation. 


Cultivation  of  the  ground  or  disposal  of  thk 

CONTENTS  of  THE  TRENCHES. 

Probably  the  most  satisfactory  way  of  bringing  the 
soil  back  to  its  normal  condition  after  trenching,  is,  by 
cultivating  it  heavily;  this  should  be  done  after  a  rest  of 
twelve  months.  The  plot  should  be  thoroughly  well  dug 
up  or  ploughed  deeply  prior  to  the  crops  being  sown. 
The  crops  that  give  the  best  result  on  a  trenching  ground 
are  European  vegetables  such  as  cabbages,  cauhflour, 
turnips  and  nolilkohl.  When  there  is  a  good  market  for 
these  they  give  the  best  financial  return.  Unfortunately, 
however,  there  is  prejudice  against  vegetables  grown 
on  trenching  grounds  in  some  parts  of  the  country,  and 
not  only  is  it  extremely  difficult  to  dispose  of  them,  but 
it  is  with  the  greatest  difficult  that  gardeners  can  be 
induced  to  cultivate  the  ground  used  for  night-soil 
disposal  purposes.  Unless  the  trenching  ground  is  a 
very  large  one  and  the  Municipality  is  prepared  to  take 
up  the  subject  in  earnest,  it  is  better  to  let  the  land  to 
a  gardener,  rather  than  to  run  it  departmentally  ;  in  the 
latter  case  every  municipal  sweeper  seems  to  think  he  is 
entitled  to  the  produce  without  payment,  so  no  profit 
remains.  After  vegetables  probably  the  next  best  crop 
is  tobacco  ;  a  very  excellent  quality  can  be  grown  on 
trenching  grounds  and  the  yield  is  much  in  excess  of 


that  grown  in  ordinary  soil ;  ground-nut  is  also  a  satis- 
factory crop,  so  is  sugarcane  if  water  is  abundant. 
Cereals  such  as  barley  and  oats  do  fairly  well  on 
trenching  grounds,  but  they  are  not  as  satisfactory 
as  the  crops  already  mentioned.  In  Eastern  Bengal  and 
Assam  jute  does  extremely  well. 

In  most  parts  of  Southern  India,  particularly  in 
the  Madras  Presidency,  there  is  a  large  demand  for 
the  earth  which  is  removed  from  the  trenches,  after  the 
excreta  have  remained  six  to  twelve  months  in  the  ground. 
The  full  trenches  are  sold  by  auction  at  a  good  price, 
the  raiyats  come  with  their  carts,  remove  the  earth  and 
carry  it  away  to  manure  their  paddy-fields.  Provided 
the  trenches  are  not  opened  for  at  least  six  months 
after  they  have  been  filled,  there  is  no  possible  ob- 
jection on  sanitary  grounds  to  this  procedure.  The  earth 
that  comes  out  is  dark  in  colour,  resembles  ordinary  leaf 
mould  in  appearance,  it  does  not  give  rise  to  any  odour 
and  may  be  carried  in  open  carts  without  nuisance. 

The  method  of  working  of  trenching  grounds. 

This  does  not  require  any  elaborate  description,  but 
a  few  hints  may  prove  useful.  It  is  always  necessary  to 
keep  plenty  of  new  trenches  in  hand,  sufficient  for  three 
days'  usem  a  good  working  hmit;  this  is  necessary 
because  a  religious  festival  may  come  round,  during  which 
time  the  "  baildars  "  or  diggers  will  not  work  or  may 
be  drunk. 

Strict  orders  should  be  given  that,  as  soon  as  the 
carts  have  discharged  their  load  into  the  trenches,  the 
excreta  should  be  immediately  covered  up  with  earth 
It  is  not   by  any  means  unusual  for  the  Inspecting 
Officer  to  find  that  trenches  half  filled  with  excreta  are 
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left  exposed  for  a  large  number  of  hours.  If  this  is  done 
the  trenching  ground  is  always  a  source  of  nuisance  and 
breeds  large  numbers  of  flies.  Everything  which  delays 
the  cartmen  at  the  trenching  ground  should  be  avoided, 
as  they  are  quite  ready  and  willing  to  waste  time  there. 
Thus  it  is  sometimes  advisable  to  have  several  trenches 
filluig  at  the  same  time. 

A  record  of  the  number  of  cart  loads  per  diem  arriv- 
ing at  the  ground  should  be  kept,  as  the  information  is 
sometimes  required  and  it  serves  as  a  check  on  the  work- 
ing of  the  cartmen. 


Advantages  and  Disadvantages  of  trenching 

GROUNDS. 

The  disadvantages  of  this  system  of  disposal  of  night- 
soil  are  numerous.  In  the  first  place,  in  many  parts  of 
India,  it  is  extremely  difficult  to  obtain  proper  supervi- 
sion of  the  working  of  the  trenching  ground  ;  an  Overseer 
who  is  sufaciently  diligent  and  of  sufficient  good  caste  to 
have  any  authority  over  the  sweeper  is  very  rare.  As  a 
general  rule,  the  Sanitary  Inspector  or  Overseer  in  charge 
of  the  trenching  ground,  if  he  happens  to  be  a  high  caste 
man,  goes  there  as  little  as  possible,  because  he  is  afraid 
of  being  ostracized  by  his  caste  people  ;  the  sweepers  then 
cannot  be  trusted  to  carry  out  the  work  properly. 

(2)  The  whole  secret  of  running  a  trenching  ground 
properly  lies  in  the  strict  adherence  to  the  orders  given. 
The  native  sweepers'  idea  of  exactness  is  very  hazy. 
Probably  the  commonest  error  in  working  is  that  the 
trenches  are  fUled  much  too  full  of  night-soil.  Spealang 
from  a  large  experience,  one  almost  invariaWy  finds  that 
the  trenches  are  filled  to  the  brim  with  a  semi-fluid  mass 
of  night-soil  and  urine,  a  little  earth  is  raked  or  scraped 


over  the  top.    The  result  is,  that,  the  earth  sinks  to 
the  bottom  of  the  trench,  and  there  remains  a  foul- 
smelhng  pool  of  night-soil,  in  which  flies  lay  their  eggs  • 
m  a  very  short  time  this  becomes  a  mass  of  maggots' 
It  is  this  sort  of  management  which  makes  the  trenching 
grounds  such  a  source  of  nuisance;  the  same  trenchinl 
ground  with  proper  working  might  be  absolutely  free 
from  odour.    Nothing  but  the  most  constant  supervision 
wdl  ever  prevent  the  filling  of  the  trenches  too  full 
because  m  hot  weather,  when  the  ground  is  very  hard  k 
IS  a  somewhat  laborious  business  to  cut  the  trenches  and 
tr  1^!^:.  «         -  the'm^srol 

(3)  In  Bengal  and  in  many  other  parts  of  the  countrv 
|t  .s  extremely  difficult  to  get  anybody  to  cultivate  a 
t.enchmg  ground.    The  class  of  people  who  do  ma 
gaidemngwork  are  not  very  numerous  and  not  ve"y  en 
terpnsmg    they  fully  recognise  the  value  of  nighl  so^l  on" 
account  of  ,ts  mamirial  value,  but  thev  are  af  "  fd   (  k 
outcasted  if  they  have  anything  to  do  w.a  the 
disposal  depats.    I„  Madras,  as'a  rrrle  iT^less  .  ^f 
to  0  taiu  cultivators  for  the  treuchmg  g^undt 
.      (4)  i-n  many  places  suitable  soil  is  not  av.,-ioKi 

~rd,s:.tto^--fnp;;-T^^ 

t-nching  grounds;  th,s  mefns  tl,  the  car tsInd^H 

are  not  washed,  and  little  or  no  cultiva  ion  , 

for  want  of  irrigation  water.  '^"""^^"on  can  go  on 

mes  andte1nThis''l'f ^'^^-^^  ^reed 
If  the  manag  m*  t  wT.  iT™'  '°  "^^  P"""'^  "ealth. 
be  the  case  "  ^''"''^  be.  this  should  not 
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(6)  The  amount  of  nuisance  that  the  trenching 
grounds  cause  depends  somewhat  on  their  size.  Trench- 
ing grounds  for  small  towns  that  have  to  dispose  of  night- 
soil  of  five  to  ten  thousand  individuals,  particularly  if 
other  conditions  are  favourable,  may  be  sanitary  and 
devoid  of  any  serious  objection,  but  our  experience  goes 
to  show  that  the  larger  the  amount  of  night-soil  to  be 
disposed  of,  the  greater  the  possibility  of  nuisance, 
the  more  the  defects  of  the  system  become  apparent. 

(7)  The  whole  system  depends  on  the  human 
being.  If  the  men  are  discontented  or  worried,  the 
whole  organization  breaks  down,  with  most  unpleasant 
results  for  the  inhabitants  of  the  town. 

Advantages  of  this  method  of  disposal  of  night-soil 
are  unfortunately  somewhat  scanty.  If  a  suitable  soil 
is  obtainable  and  the  orders  for  the  burial  of  night-soil 
be  strictly  adhered  to,  there  is  no  reason  why  a  trenching 
ground  should  be  either  a  nuisance  or  a  danger  to  the 
piiblic  health.  It  is  theoi etically  sound  to  place  the 
animal  excreta  in  the  active  layers  of  the  soil  in  such  a 
way  as  to  cause  its  speedy  assimilation;  further,  it  might 
be  a  profitable  enterprise.  Unfortunately  it  seems  to  be 
a  physical  impossibility  to  do  this  without  European 
supervision.  In  Cantonments,  where  British  non-com- 
missioned ofhcers  supervise  the  trenching  grounds,  they 
are  much  better  managed. 

(8)  Trenching  of  night-soil  is  supposed  to  be  a  cheap 
method  of  getting  rid  of  the  excreta  from  a  community. 
Under  certain  ideal  conditions  it  may  be,  but  m  by  far 
the  majority  of  places  this  advantage  can  be  shown  to 
be  r^iy  non-existent.  It  is  perfectly  obvious  that 
ff  the  only  available  piece  of  ground  is  situated  two  or 
Lee  mUes  away  from  the  town,  and  if  it  is  not  above 

flood  level,  then  the  cost  of  raising  the  ground  by 
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hand  labour  would  be  so  great  that  a  full  septic  tank 
installation  could  probably  be  provided,  in  a  more 
convenient  position,  for  the  same  money.  It  is  not 
economical  to  have  to  maintain  a  very  large  staff  to 
convey  the  night-soil  out  of  the  town.  The  feed  of 
bullocks,  replacing  those  that  die  (outbreaks  of  rinder- 
pest amongst  them  are  not  unheard  of),  the  cost  of 
carts  and  the  enormous  wear  and  tear  are  all  sources  of 
considerable  expense.  Therefore,  though  this  method 
of  disposal  of  night-soil  may  be  generally  supposed  to 
be  cheap,  it  is  frequently  not  economical. 

To  sum  up  the  whole  question,  trenching  of  night- 
soil  is  theoretically  a  very  sound  way  of  disposing  of  it. 
Unfortunately,  in  practice,  the  system  is  usually  fraught 
with  extremely  bad  sanitary  conditions,  largely  due  to 
the  lack  of  proper  supervision,  and  in  many  places  it  is 
not  an  economical  method. 


CHAPTER  XVIII. 


INCINERATION  OF  NIGHT-SOIL. 

A  LTHOUGH  it  cannot  be  claimed  that  the  incineration 
of  night-soil  is  a  part  of  the  biological  process,  it  is 
a  method  of  disposal,  which  has  been  recently  greatly 
advocated  in  India,  so  that  it  seems  probable  that 
some  remarks  on  the  process  may  be  useful.  To  com- 
pletely burn  up  night-soil  is,  of  course,  a  sound  way  of 
disposing  of  it ;  by  this  means  there  is  no  possibility  of 
contaminating  a  water-supply,  and  if  arrangements  are 
properly  made,  there  is  no  danger  of  polluting  the  air 
by  smoke  or  evil  odour.  The  following  conditions  for 
the  proper  incineration  of  night-soil  are  absolutely 
essential  if  the  method  is  to  be  a  success  : — 

(1)  European  supervision. 

(2)  A  practically  inexhaustible  supply  of  highly 

inflammable  material  such  as  saw-dust, 
wood  shavings,  coal-dust,  etc. 

(3)  A  properly  designed  incinerator. 

(4)  A  mixing  platform  provided  with  a  roof  and 

a   storage   godown   for  the  combustible 

material  in  wet  weather. 
[      If  any  of  these  four  conditions  are  absent,  the  process 
breaks  down  at  one  time  or  another.    It  is  necessary  to 
say  a  few  words  about  each  of  these. 
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First  of  all,  European  supervision  is  necessary  be- 
cause the  native  sweepers  will  never  make  a  proper  mix- 
ture of  the  night-soil  and  the  inflammable  material  ; 
they  are  always  inclined  to  be  sparing  with  the  saw-dust 
or  whatever  is  used  for  burning  purposes.  Sweepers 
do  not  know  how  to  "fire"  properly  ;  if  left  to  them- 
selves, they  usually  put  the  mixture  into  the  incinerator 
either  too  wet  to  burn,  or  too  much  of  it  at  a  time,  so 
that  the  fire  smoulders,  instead  of  blazes,  with  the  result 
that  a  lot  of  smoke  is  generated.  The  only  really 
satisfactory  incinerator  we  have  seen  was  looked  after  by 
a  sergeant ;  it  was  undoubtedly  due  to  his  good  manage- 
ment that  the  arrangement  was  such  a  success. 


(2)  Inexhaqstible  supply  of  inflammable 
material. 

It  is  unnecessary  to  say  much  under  this  head.  In 
order  to  burn  night-soil  a  large  quantity  of  combustible 
material  is  required,  particularly  if  urine  is  to  be 
disposed  of  as  well.  The  best  material  is  a  mixture  of 
wood  shavings  and  saw-dust  ;  the  mixture  is  absorbent 
and  readily  dries  up  urine,  and  when  put  on  to  a  fire 
which  is  burning  brightly  is  readily  consumed  ;  the  more 
of  this  combustible  material  that  is  mixed  with  the 
night-soil,  the  less  is  the  smoke,  and  the  less  is  the 
possibility  of  nuisance.  Gas  tar  liquor  from  gas  works 
is  also  a  valuable  commodity  to  have  about  an  inciner- 
ator, It  IS  highly  inflammable  and  is  a  waste  product 
which  is  thrown  away  in,  this  country.  Coal-dust  is 
another  valuable  accessory  though  not  an  essential.  If 
any  of  these  materials  have  to  be  purchased  in  open 
market,  the  incineration  of  night-soil  cannot,  as  a 
general  rule,  be  done  economically  ;  on  account  of  the 
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expense  an  insufficient  quantity  is  used,  the  night-soil  is 
imperfectly  incinerated  and  the  nuisance  arising  from 
the  incinerator  is  horrible. 

There  is  an  impression  abroad  that  street  rubbish, 
in  any  part  of  India,  is  an  inflammable  substance. 
This  is  a  serious  error.  The  street  rubbish  from  the 
towns  in  Bengal,  Calcutta  in  particular,  will  not  burn  ; 
it  requires  wood  or  coal  in  order  to  burn  it,  even  when 
put  in  the  latest  pattern  incinerator.  The  same  remark 
applies  to  rubbish  obtained  from  the  towns  on  the  Malabar 
Coast.  Therefore  Sanitary  Officers,  who  have  recom- 
mended that  night-soil  and  town  rubbish  be  consumed 
together  in  an  incinerator,  may  be  making  an  error,  for 
unless  it  has  been  distinctly  established  that  the  rubbish 
is  itself  inflammable,  it  is  obviously  useless  to  mix 
the  two  things  and  expect  them  to  burn.  In  places 
like  the  Punjab  where  the  rainfall  is  extremely  small, 
it  is  quite  likely  that  street  sweepings  will  be  highly 
combustible,  but  this  should  be  definitely  ascertained 
before  the  recommendation  is  made.  The  rubbish  that 
is  collected  during  the  rains,  in  any  part  of  the  tropics, 
will  not  burn,  therefore  if  street  rubbish  is  to  be  relied 
on  for  the  incineration  of  night-soil,  a  quantity  of 
the  dry  material  must  be  stored  for  use  in  wet  weather  ; 
this  does  not  seem  a  very  sanitary  proceeding. 

(3)  Properly  designed  incinerator. 

If  good  results  are  to  be  obtained,  incinerators  must 
be  properly  designed.  The  great  mistake  of  the  smaller 
types  of  incinerators  is  that  ihe  draught  is  not  sufficient ; 
the  consequence  is  that  a  great  deal  of  smoke,  which 
is  occasionally  highly  offensive,  results  from  the  process. 
The  presence  of  smoke  is  nearly  always  due   to  two 
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things  :  (i)  defective  design  of  the  incinerator,  (2)  to 
the  proportion  of  dry  and  inflammable  material  in  the 
mass  to  be  incinerated  is  not  sufficient.  On  the  whole, 
we  consider  that  the  ordinary  horizontal  furnace  is  much 
more  efficient  for  small  incinerators  than  those  fed 
from  above.  Drawing  of  a  very  good  pattern,  designed 
by  a  Railway  Engineer  on  the  E.  I.  R.,  is  given  in 
fig.  XVIII  {a).  We  have  seen  this  type  of  incinerator 
in  work  and  it  certainly  gives  better  results  than 
any  we  have  yet  met  with.  It  is  somewhat  expensive 
to  erect.  Our  experience  with  the  smaller  vertical  type 
of  incinerators  may  not  have  been  fortunate,  possibly 
due  to  the  unsuitable  nature  of  the  material  to  be 
consumed,  but,  on  the  whole,  we  are  distinctly  in  favour 
of  the  type  given  in  the  plan,  which  is  fed  from  the 
end,  like  stoking  an  ordinary  boiler.  In  this  particular 
kind  of  incinerator  no  smoke  came  from  the  chimney 
when  large  quantities  of  night-soil  were  being  burnt. 

(4)  Mixing  platform  and  storage  godown. 

In  a  heavy  downpour  of  tropical  rain  it  is  impossible 
to  keep  any  material,  be  it  saw-dust,  wood  shavings  or 
coal-dust,  in  a  readily  inflammable  condition.  There- 
fore it  is  necessary  that  shelters  should  be  provided  both 
for  the  mixing  operation  and  for  the  storage  of  combus- 
tible material. 

Method  of  working  of  incinerators. 
Night-soil  should  be  brought  to  the  incinerator  in 
small  quantities,  nothing  larger  than  buckets  or  small 
hand-carts  should  be  used.  On  the  mixing  platform  a 
heap  of  wood  shavings  and  saw-dust  should  be  placed, 
the  buckets  of  night-soil  should  be  emptied  into  the 
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mi(idle  of  this  h^ap;  the  sweepers  should  rapidly  mix  the 
material  and  continue  adding  saw-dust  if  the  mass  shows 

.  any  sign  of  being  sodden;  the  heap  should  then  be 
shovelled  into  the  furnace  whilst  the  fire  is  burning 
fiercely.  A  certain  amount  of  coal  or  slack  should  be 
available  for  hghting  and  starting  the  furnace.  Sweepers 
shojild  be  taught  to  trim  the  fire  in  very  much  the  same 
.  way  as  boiler  tenders  do,  and  under  no  consideration 
should  a  large  mass  of  material  be  heaped  on  to  the  fire 
all  at  once,,  as  this  is  likely  to  give  rise  to  quantities  of 
^ smoke.  With  good  draught  and  a  httle  care  in  stoking 
tliere  is  no  reason  why  the  smoke  should  not  be  almost 

j^;4nvi|ible. 

<!  -   'It  is  surprising  how  little  odour  is  occasioned  in  the 
''"process  of  mixing  the  night-soil  with  saw-dust  and  wood 
shavings,  if  this  is  done  rapidly  and  if  the  night-soil  is 
reasonably  fresh.    The  odour  appears  to  be  greater  if 
a  mixture  of  night-soil  and  urine  is  brought  to  the  incin- 
^^rator. 

,^  We  do  not  propose  to  give  a  lengthy  description 
of  the  various  failures  we  have  seen  in  the  course  of  our 
experience  ;  the  commonest  cause  of  these  is  probably  due 
:  to  the  supposition  that  rubbish  of  any  kind  is  inflammable 
and  will  assist  in  the  incineration  of  night-soil.  Most  of 
the  failures  have  been  the  cause  of  indescribable  nuisance 
and  were  worse,  in  this  respect,  than  a  badly  managed 
trenching  ground.  We,  therefore,  recommend  that  when 
the  incineration  of  night-soil  is  under  consideration  all 
conditions  be  carefully  enquired  into  before  the  work  be 
comr^enced. 

>  ;  ■ 
*  >■  ■ 


'4^ 


